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Bead device for demonstrating 
the effect upon a manufacturing 
process of variability in materials, 
men, and machines. Complete 


story begins on page 9. 





AMERICAN SOCIETY FOR QUALITY CONTROL 








security is only provided by plentiful 
orders shipped at prices consumers can 








as Fast as Light! 


Hot sheejé or strips ¢ 


be checked instantly 

ickness controlled dur- 

ing the process, the Sheffield Measuray. 
Temperature of the material to be checked 
and/ts speed Zt movement do not affect the 


gown industrial requirements without sacrifice 

speed, range, or dependability. For instance, 
it is possible to amplify one per cent of the 
thickness of the stock being checked to extend 
over the full scale range. 


METAL 
CONGRESS 
BOOTH H-234 


The Measuray may be mounted on a pro- 
duction machine, or it may be used oat the 
bench to measure stationary: objects, espe- 
cially those whose surfaces might be marred 
by a contact gage, or those of such resiliency 
that the contact gage measurements are not 
practicable. 

See the Measuray demonstrated at the 
Sheffield plant in Dayton. Bring samples of 
work to be checked to see for yourself 
the savings in material and time, elimination 
of losses in destructive testing, and the in- 
crease in uniform quality which the Sheffield 
Measuray can bring you. 

lf a visit is not convenient, write us for de- 
tailed information. For an early installation, 
ask for a survey to be made in your plant by 
Sheffield engineers —no obligation on your part. 


Write to Department A 
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_ THE SHEFFIELD CORPORATION 


Dayton 1, Ohio, U.S.A. 








FUTURE MEETINGS 
OF LOCAL SECTIONS 


Delaware Section — at Wilmington 


January 2, 1947: 
“Classification and Calibration 
of Ammunition in the South 
Pacific,” Mr. O. P. Bruno, Ballis- 
tic Research Laboratory, Mary- 
land. 


February 6, 1947: 
“Fundamentals of 
Analysis,” Mr. E. 
Aberdeen 
Maryland. 


Sequential 
M. Schrock, 
Proving Ground, 


Philadelphia Section — at Temple 
University 

December 13, 1946: 
“Applications of Quality Control 
by Statistical Methods,” Mr. W. 
J. Masser, General Electric Com- 
pany. 

January 16, 1947: 
“The Significance of Modern 
Quality Control to Manage- 
ment,” Mr. A. |. Peterson, Radio 
Corporation of America. 


Metropolitan New York Section 

December 13, 1946: 
Robert Treat Hotel, 
New Jersey. 

December 14, 1946: 
Princeton University (Details on 
page 27). 

January 24, 1947: 
Hotel Essex House, 
New Jersey. 


Newark, 


Newark, 


Southern Tier Society for Quality 
Control 

The first dinner meeting of the 
Society was held in the American 
Legion Hall in Binghamton, N. Y., 
on Tuesday evening, 22nd Octo- 
ber, 1946. About eighty members 
and guests were present. 

The dinner was followed by a 
short business meeting during 
which members were appointed to 
a number of working committees 
by President Robert, and Mr. Mer- 
lin J. Barret was elected to repre- 
sent the Society on the Board of 
Directors of the American Society. 

Mr. G. D. Edwards, President of 
the American Society for Quality 
Control, was then introduced as the 


speaker of the evening. He had 
chosen as his subject: “Quality 
Control And What Our Societies 
Can Contribute To Its Advance- 


ment:’ and his remarks were en- 
thusiastically received by all pres- 
ent 
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FOURTH REPORT OF MIDWEST 
Quality Control Conference 


Quality Reporting---Putting 
Inspection Results to Work 


[ Clinic 20 |} 


Quality reporting is an integral 
part of the general inspection 
problem. It cannot be divorced 
from the logic and aims of an 
overall inspection program. A dis- 
cussion of quality reporting should 
therefore include consideration of 


(1) inspection procedures, _in- 
cluding the collection of data; 


(2) appraisal of the data; 


(3) reporting and publicizing re- 
sults. 

This outlines the program as it will 
be discussed in this paper. How- 
ever, the above three phases are 
not separate and distinct and 
should not be so considered. They 
are intimately related, and cannot 
be considered independently by 
those who are interested in pub- 
licizing inspection results. 

Consider the analogy of quality 
reporting to news reporting. Pub- 
lication of a paper such as a small 
town weekly, a metropolitan daily, 
or the Wall Street Journal requires 
an overall policy that determines 
the type of news which the paper 
will supply its readers. The entire 
organization is geared to this poli- 
cy; reporting, editing, and publish- 
ing are guided by a single objec- 
tive. An inspection unit must also 
determine the type of quality news 
that is of value to suppliers, oper- 
ators, engineers, managers, and 
customers, and it must establish 
an inspection program for collect- 
ing this news. The collection, the 
editing, and the reporting must be 


coordinated toward a common 
goal. 
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HAROLD R. KELLOGG 


WESTERN ELECTRIC 


An efficient newspaper will not 
spend time and money gathering 
reams of news it never intends to 
use. Neither will an efficient in- 
spection unit. Each inspection is a 
continuing source of quality news 
which can be exploited by relative- 
ly inexpensive analysis and dis- 
tribution. It is therefore wise to 
consider the possible uses of re- 
sults before the inspection is un- 
dertaken—that is, while the inspec- 
tion is being planned. Inspections 
are necessary but costly; they will 
be a much better investment if they 
are preceded by a little additional 
thought directed toward putting 
their results to effective use. Plan- 
ning for quality reporting supplies 
this direction. 


Inspection Procedures Including 
Collection of Data 


A good sports reporter under- 
stands the sporting events that he 
covers. He watches each closely 
and carries away an accurate rec- 
ord of what he sees. By the same 
token, inspectors must understand, 
and inspection procedures must be 
geared to, the manufacturing pro- 
gram whose performance they are 
covering. 


Inspection must be sound. If a 
given inspection does not yield re- 
liable results, the results should 
not be made the basis of a news 
story on quality. To get reliable 
results it is necessary that gages 
and testing equipment be accurate, 
that inspectors make the prescribed 
test on the prescribed sample in 
the prescribed manner, and that 
the prescribed manner shall have 


received enough initial thought to 
insure valid inspection results. 


Along this same line is the neces- 
sity that the whole inspection unit 
be guided by a basic definition of 
quality. Under the modern concept 
of quality, the design engineer 
specifies a requirement with a plus 
and minus tolerance, and quality 
is thought of as varying within 
limits around a specified mean. 
Quality is defined in a statistical 
or operational sense—statistical be- 
cause it is thought of as being dis- 
tributed about an average, opera- 
tional because it is thought of as 
having a functional meaning which 
can be tested. If this objectivity is 
fully appreciated, inspections will 
be much less subject to the moods, 
fancies, or opinions of the inspec- 
tor. 


With modern inspection based 
on an objective meaning of quality 
the task of the results man be- 
comes that of describing fluctua- 
tions in quality and reporting them 
to the interested persons. 


The Appraisal of Data 


The statistical tools available for 
extracting information from a set 
of data need not be discussed here 
and can be passed over with the 
observation that such tools are 
available and can be adapted to 
almost any situation without in- 
curring unwarranted expenditure 
for clerical effort. These tools, 
properly set up by a statistical en- 
gineer, can be used as a matter of 
routine by clerical talent. Special 
studies, of course, call for the serv- 
ices of the engineer, but the cost 
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consuming routines can be oper- 
ated by a clerical stoff. Let us 
focus attention here on a consider- 
ation of the type of news that in- 
spection results contain 

The primary use for results of a 
given inspection should be evident 
from the purpose of the inspection. 
The first use of results from an ac- 
ceptance inspection is to determine 
whether or not product is accept- 
able. Results of a control inspection 
serve as a guide for the process 
However, the value inherent in in- 
spection results frequently goes far 
beyond this singleness of purpose. 
Although inspections are made to 
accept, to control, or to sort, in- 
herent in each is the ability to give 
some picture of quality character- 
lt is this ability that can be 
exploited 


istics 


There will probably be general 
agreement that a refined control 
inspection, conducted on a vari- 
ables basis as a special engineer- 
ing investigation, and subjected to 
treatment by analysis of variance, 
outlines the operating character- 
istics or the process and the result- 
ing product characteristics. It ex- 
poses the component factors which 
the process molds into product 
quality. In doing this, it defines 
the individual contributions to 
overall product appraisal that are 
made by the material, the ma- 
chines, and the operators 

Inspections of this type, how- 
ever, are expensive, and if they 
are made at all they are usually 
considered justifiable only as a tool 
to “prove in” a new or a changed 
process. Fortunately, some charac- 
terizing information of this type is 
contained in many routine inspec- 
tions, whether by attributes or 
variables, and is not necessarily an 
feature of special en- 
gineering investigations. Good 
quality reporting calls for an ap- 
preciation of all the evidence dis- 
closed by each inspection. Much of 
this evidence lies in the recorded 
inspection results, and can be in- 
expensively extracted by a proper 
classifying and tabulating ap- 
proach 


exclusive 


Ir the telephone industry, for ex- 
quality of soldered 
connections is of particular interest 
The routine classification and tabu- 
lation of soldering defects can be 
such that the inspection will pro- 
vide a continuous picture of the 
manner in which insecure connec- 


ample, the 
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tions, unsoldered connections, cold 
solders, and other soldering defects 
are detracting from the quality of 
soldering operations. A soldering 
inspection is an attribute test, yet 
the inspection results, properly 
classified, and interpreted by a 
quality reporter with a knowledge 
of the soldering operation, point 
in turn to a careless operator, a de- 
fective soldering iron, which in this 
case is the machine, or to defective 
solder, which is the raw material. 


Inspection results for all of the 
products inspected by the quality 
control organization at Western 
Electric are classified and tabulated 
so that they provide a running pic- 
ture of quality for the electrical 
characteristics, the mechanical 
characteristics, and the assembly 
items of each product. The classi- 
fication is made by the inspector, 
and the tabulation by a small re- 
sults group which periodically re- 
views the data for news stories on 
quality. The inspection objective is 
to provide quality assurance and 
quality news, and the inspection 
program is designed to accomplish 
this objective. 


Routine inspections frequently 
furnish valuable information for 
the product design engineer. The 
Bell Telephone Laboratories, which 
design all of Western Electric's 
products, receive regular reports of 
the results of variables inspections 
made by the latter’s quality control 
inspectors. This information is used 
by Western Electric as a check on 
the process and by the Laboratories 
as an aid to product design and 
development. 

Routine inspections also yield 
information for the process plan- 
niag engineer. For example, a re- 
cent process change at Western 
Electric was suggested by the re- 
sults of a routine inspection. A 
girl in one of the assembly lines 
was performing two operations- 
one requiring skill and the other, 
an unskilled operation, was, over 
a period of hours, physically fa- 
tiguing. Inspection results indi- 
cated that toward the end of the 
shift the unskilled operation was 
interfering with the proper per- 
formance of the more skilled op- 
eration. The process has been re- 
arranged so that the unskilled op- 
eration is performed by another 
operator in the assembly line. 

Any inspection (and this is par- 
ticularly true of an inspection made 





on a variables basis) that provides 
measurements of the character of 
finished product, the character of 
the mechanical or the manual por- 
tion of the process, or the character 
of raw material is a continual 
source of quality news of interest 
to the design engineer and the 
process engineer. 


The production scheduling group 
might well be interested in infor- 
mation on the performance of 
various machines so that it can 
schedule the more critical jobs on 
machines having the best perform- 
ance records. Utilization of this 
type of information tends toward 
a better product, a better process, 
and reduced manufacturing costs, 
and, since it is supplied by the in- 
spection agency, it increases the 
value of the inspection. 

Information on the character of 
purchased material is an item of 
interest to the purchasing depart- 
ment. Ordinarily this information 
comes from a purchased material 
inspection and is regularly brought 
to the attention of the interested 
purchasing agent. Frequently, 
however, the intimacy of manvu- 
facturing experience, including 
process and final inspections, re- 
veals material characteristics that 
have escaped detection by the 
more objective purchased material 
inspection. If the noted character- 
istics cause only moderate manu- 
facturing difficulties, they may 
never be brought to the attention 
of the supplier. This can be avoid- 
ed by emphasizing to the manu- 
facturing department the value of 
reporting all instances where ma- 
terial deviates from specifications. 
The supplier may thus be able to 
avoid more serious deviations. 

Information on the character of 
a process might also be of interest 
to the accounting unit. Modern ac- 
cuunting which deals with such 
concepts as standard costs, con- 
trollable costs, and cost estimates, 
might make valuable use of up-to- 
date information on the fraction 
defective that may be expected 
from a given process. 

Information on the character of 
the manual portion of a process 
might be an item of interest to the 
pesonnel department. Inspection 
results which reveal the types of 
errors individuals make on a given 
job help determine the type of in- 
dividual that should be placed on 
that job. Modern methods of per- 
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sonnel placement, personnel train- 
ing, and aptitude testing are based 
largely on past experience. Con- 
sideration might well be given to 
the possibility that experience of 
this type can be revealed by in- 
spection results. For example, 
there is the case of a personnel 
man who requested ihat he be 
furnished with the results of a cer- 
tain inspection. He tabulated them 
for a few weeks and noticed that 
operator's mistakes were more 
prevalent among the men than 
among the women operators. It 
was decided that only women op- 
erators should be placed on this 
particular job. 


All this is not to suggest that the 
personnel, the accounting, or the 
purchasing departments be del- 
uged with routine inspection re- 
sults. It is to suggest merely that 
the value of finding and reporting 
news of this kind ought to be more 
fully appreciated. 

Publicizing Results 

A quality report, like a news- 
paper, should be issued on a reg- 
ular, dependable schedule. This is 
particularly true of reports to man- 
agement which is interested in 
overall, average quality. Line op- 
erators can usually best be in- 
formed of the results of a given in- 
spection by a memorandum or di- 
rect contact from the inspection 
group. Such vehicles move with 
dispatch, and speed is usually the 
essence of reporting inspection re- 
sults to the people who are mold- 
ing quality. 

Reports to management, how- 
ever, are in a different category. 
These reports should, like a news- 
paper, make use of a standard 
format which sets them cpart from 
other reports. They should be at- 
tractive in appearance and issued 
on schedule. They do not necessari- 
ly require expensive printing or re- 
production facilities, but their value 
is enhanced if they invite attention 
and furnish only information which 
gives management vital quality 
news unencumbered by detail. 

The report ought also to be so 
designed that it gives emphasis to 
those quality situations most in 
need of attention. The quality con- 
trol organization at Western Elec- 
tric meets this problem by issuing, 
each month, a report covering only 
those products whose average 
quality for the month is below that 
normally expected for the product. 
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This report goes to top manage- 
ment and shows, in control chart 
form for each product covered, a 
comparison of the product's past 
quality record with any current ad- 
verse quality rating. Recorded on 
each chart is a concise description 
of those defective conditions re- 
sponsible for the current below- 
normal quality rating. 


In addition to reports of this 
type, particularly serious or per- 
sistent defect conditions can some- 
times best be handled by a memo- 
randum to high level supervision. 
Such memoranda, if used wisely, 
can be very effective. During the 
initial war effort at Western Elec- 
tric, high level memoranda were 
used exclusively for reporting qual- 
ity to top management. The memo- 
randa were direct and to the point, 
and the recommendations they 
made had a gratifying way of fil- 
tering down through the operating 
line. 


Preparation of a quality report 
which covers a variety of differ- 
ent products poses a problem of 
compromise between detail and 
summary that is anything but easy. 
It is obviously impractical to pub- 
lish long pages of rawdata or page 
after page of control charts, each 
for a single product characteristic. 
In some cases this would run to 
thirty or forty control charts per 
product. Fraction defective charts 
are limited in the same way. They 
are not adequate for reporting the 
overall quality of a product whose 
conformance is dependent on 
meeting a number of different re- 
quirements. 


Western Electric, under a product 
shop arrangement, has a number 
of distinct shop organizations 
headed by superintendents who 
report to a division manager. At 
each works location are several 
division managers who report to 
the works manager. Each of these 
men is responsible for the quality 
of products manufactured in his 
organization, yet the breadth of 
his interests and the volume of his 
work are such that he cannot spend 
time with detailed inspection re- 
sults. These men are interested 
not in lot by lot quality or the qual- 
ity of a single characteristic, but 
rather in overall quality. They want 
to know how the quality of prod- 
ucts for which they are responsible 
stacks up; how well the quality of 
each product is controlled; how 


well each meets its individual re- 
quirements; how the quality of a 
product manufactured in one or- 
ganization compares with the qual- 
ity of the same product from one 
of the other organizations or one 
of the other works. 


At the same time the intermedi- 
ate levels of line supervisors ex- 
pect quality reports to help them 
with such questions as: What re- 
quirements are not being met? ... 
What process may require closer 
supervision? ... When should line 
inspection be increased or process 
engineering introduced because of 
indications of lack of control? 


First level line supervisors are in 
constant contact with the operating 
process; they deal directly with in- 
spection, and they know what is 
going on. Consequently quality 
reports at Western Electric are 
aimed at top management and 
intermediate line supervisors. 

Here then is the problem: given 
many different products for each 
of which quality is measured by 
the manner in which it meets its 
several requirements, it is required 
to report inspection results in such 
a way as to aid operating super- 
vision by pointing out defective 
quality conditions, lack of control, 
or quality trends and at the same 
time be sufficiently clear and con- 
cise to answer for management 
such questions as the following. Is 
the overall quality of product A 
satisfactorily controlled? How does 
the present quality of product 
A compare with that of a month 
ago? Three months ago? A year 
ago? Is there any general trend 
in the quality of product A, either 
upward or downward? How does 
the overall quality of product A 
compare with the overall quality of 
product B? How does the quality 
of product A;, manufactured by 
Department 1, compare with that 
of product A», the same product 
manufactured by Department 2? 

Presentation of a simple quality 
picture for manufactured products 
is also complicated by the varying 
degrees to which the quality of dif- 
ferent products may be affected 
by the same defect. In telephone 
products, for example, where it is 
desired to grade or rate the quality 
of such widely different products 
as a telephone receiver and a lead 
covered cable, it is not possible to 
say that a given amount should be 
subtracted from a perfect quality 
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rate if the product finish or surface 
is nicked, because a very minute 
surface nick on a receiver dia- 
phragm seat may render the unit 
unfit for service while a more seri- 
ous degree of this same defect, a 
surface scratch for instance, in a 
telephone cable will in no way ef- 
fect the serviceability of the cable. 
Furthermore, inspection results may 
show a unit of very expensive 
product, a large vacuum tube for 
example, to be totally unfit for use 
and a unit of an inexpensive prod- 
uct—a small switchboard lamp 
totally unfit for use. How should 
these defects affect the average 
quality rating of these two prod- 
ucts? Are these equally serious 
quality conditions? 


In order to provide a quality pic- 
ture that will answer these ques- 
tions, it has been found necessary 
to legislate that the quality ratings 
of each product shall be depend- 
ent only on the seriousness of de- 
fects occurring in that product— 
seriousness in turn to be dependent 
only on the effect the defect has on 
that product. In other words, a de- 
fective unit is a defective unit re- 
gordless of its cost or complexity. 


Having determined that it is 
equally important for every product 
to meet its specifications, let us 
consider some inspection results 
and see what can be done with 
them. As an example, consider a 
dial from a telephone set. This is 
an assembly of a number of small 
piece parts. The dial is inspected 
for three types of items: electrical, 
dimensional, and assembly items 
with a number of different require- 
ments in each category. Inspection 
results gathered over a period of 
time provide a defect distribution 
for each requirement. These are 
tabulated inspection results. They 
do not reveal much about quality. 
We could, of course, compute an 
average fraction defective for each 
requirement, and a standard devi- 
ation, and plot the results on a con- 
trol chart. However, such a pro- 
cedure would lead to a host of con- 
trol charts and would give little 
comprehensive information about 
the quality of the average dial as 
oa unit. Similar control charts for 
other products would, in the aggre- 
gate, be little more than a mass of 
burdensome information. What is 
needed is a common denominator 
that can be applied to each re- 
quirement and summarized to give 


a single index of quality for dials 
that can be compared with similar 
indices for other products or for 
dials manufactured during an 
earlier period. 

At Western Electric this common 
denominator is called a demerit. 
Inspection results are translated 
from defect descriptions to a nu- 
merical demerit value that indi- 
cates the seriousness of the defect. 
In order to do this, defect serious- 
ness is classified according to the 
following four-fold classification. 
(Other classifications could be used, 
but this is one that has been found 
readily adaptable to telephone 
products.) 

Class “A” Defects—Very serious. 

Class “B” Defects—Serious. 

Class “C” Defects—Moderately 
serious. 

Class “D” Defects—Not serious. 


Every defect occurring in an in- 
spection sample fits into one or an- 
other of these classifications. The 
translation of defect description to 
numerical demerit value is accom- 
plished by assigning a standard 
number of demerits to each defect 
of a given class. Since this is mere- 
ly a relative weighting operation, 
only the relative demerit weights 
are of importance, and the scale of 
demerit may be chosen arbitrarily. 
At Western Electric weights of 100, 
50, 10, and 1 for Class A, B, C, and 
D respectively have proved satis- 
factory. For each defect occurring 
in the inspection sample 100 de- 
merits are charged if the defect is 
of Class A seriousness, 50 if it is 
Class B, and so on. This is an easy 
operation to carry out because once 
the plan is set up the demerit 
assessment will be done automat- 
ically by the inspector at the time 
he records the defect. 


Suppose that in a sample of 100 
dials defects are found whose de- 
merit weights total 75. It is then 
very simple to compute a demerit 
per unit value which is an index of 
quality for all dials represented by 
the sample. In this case it is 75 
divided by 100 or .75 DPU. This is 
an index based on the complete in- 
spection of each dial in the sample. 
Similar indices can be prepared for 
other products. Daily, weekly or 
monthly summarization of the de- 
merits assessed against each prod- 
uct will show that dials for the day 
or week averaged .75 DPU, while 
cords averaged 3 DPU, vacuum 





tubes averaged 1.0 DPU, and so 


on. 

By analyzing past inspection re- 
sults it is possible to find the num- 
ber of demerits per unit that, on 
the average, occur on dials, on 
lamps, on tubes, and on telephone 
sets. These DPU values can be used 
to construct a variables control 
chart. Subsequent DPU values can 
be plotted on this chart. There then 
exists but one control chart for each 
product. These charts can be cir- 
culated periodically to the higher 
levels of management. They give 
a concise picture of the quality of 
the product. 


In classifying defects in this 
manner some detail is undoubtedly 
lost. However, the DPU index pro- 
vides a practical method of de- 
scribing quality, and in cases of 
unfavorable quality conditions 
which are specifically brought to 
the attention of management, the 
DPU value can be accompanied by 
a summarized description of de- 
fects so that the quality rating and 
the nature of the trouble are both 
portrayed. In addition, detailed in- 
spection results are circulated to 
shop supervisors and are always 
available for investigation of in- 
quiries prompted by the DPU qual- 
ity ratings. 

This method of rating quality 
has been in use at Western Electric 
for over fifteen years. It provides 
a very effective compromise be- 
tween detail and summary. 
Through its use quality reports pro- 
vide headlines for the headline 
readers and detail for the text 
readers. The reports are at once 
current and historical; they are con- 
cise and informative. They put in- 
spection results to work at all levels 
of supervision. 

Mr. H. F. Dodge of the dell Tele- 
phone Laboratories has described 
this index very well in an article 
which appeared in the April, 1928, 
issue cf the “Bell System Technical 
Journal.” In this article Mr. Dodge 
also explains the mathematics in- 
volved in the computation of limit 
lines for a weighted average. 


Summary 


1. Be sure the results of inspection 
are reliable before attempting to 
draw any quality conclusions from 
them. 

2. Do not spend the time and 
money to collect and tabulate in- 
spection results unless it is the in- 
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tention to analyze them thorough- 
ly. This analysis should cover not 
only evidence which is immediately 
apparent, but should be extended 
to explore what hidden evidence 
of value lies within the data. 


3. The success of quality report- 
ing depends upon an appreciation 


of the different needs of line super- 
visors, top management, and 
others, and upon presenting the in- 
formation to each in the form in 
which it will be of maximum use. 
One final thought that should be 
especially prominent in the minds 
of those who are interested in pub- 


licizing inspection results: one of 
the biggest contributions a quality 
control organization can make is 
to establish and maintain for itself 
a plantwide reputation for reliable, 
practicable, and unbiased quality 
reporting. 


Farmall Quality Control Traini:ig Program 
For Shop Supervision 


FARMALL WORKS 
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In order to obtain maximum 
benefits from a program of quality 
control, it is especially necessary 
that the man in the shop have a 
workable understanding of the sta- 
tistical techniques employed and 
confidence in the new concepts of 
controlling quality. Dissemination 
of such information to groups of 
cynical, practical-minded foremen 
and supervisors is not as simple as 
it might first appear. They have a 
natural antipathy toward new 
ideas, and especially toward a sys- 
tem based on mathematics. At 
Farmall we have had gratifying re- 
sults in solving this problem by use 
of visual aids and a minimum use 
of mathematical formulas. Briefly, 
the program is composed of four, 
two-hour sessions. 


Session |—Management Session 


This session is called by top 
management for the purpose of in- 
troducing the system to the depart- 
ment heads and general foremen. 
The major part of this session is 
devoted to general remarks by top 
management concerning use in in- 
dustry of quality control methods, 
and a round table discussion of 
current quality problems. The sec- 
ond portion of this session is de- 
voted to showing each department 
head why he should be interested 
in a new and vital approach to 
controlling quality. The “economic 
aspects of maintaining quality 
standards” is presented by means 
of wall charts; each department 
head is shown the economic reper- 
cussion from scrap and rework on 
his budget system. 
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The primary purpose of the 
management session is to empha- 
size that the new system is being 
sponsored by management. 

Session Il—Introduction to 
Probability Curve 

The frequency distribution, the 
normal probability curve, and their 
relationship to shop processes are 
brought out in this session. The use 
of blocks, charts, and demonstra- 
tion board makes it possible to 
present the significance of these 
statistical concepts in an easy and 
understandable manner. A “pile- 
up” of blocks in a normal curve 
frequency pattern outlines for the 
supervisor a “picture” of his pro- 
cess, if it is in control. 

The following ideas are _illus- 
trated, emphasized, and discussed. 
1. The presence of a tall pile or 

dominant dimension represents 

the frequency at the average or 

“set-up” level. 

2. There is awell-defined tendency 
for the piece parts to cluster 
about the “set-up level.” 

3. The spread of parts from the 
“set-up” level denotes the vari- 
ability in the process. 

4. Division of a normal process 
pattern into “chance” zones: 

X-Max. X-Min. 
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1 chance zone. 
5. Percentage breakdown by 
chance zones in the ideal case: 

1 chance zone from set-up 
level includes 68.26% of total 
production; 

2 chance zones from set-up 
level includes 95.5% of total 
production; 

3 chance zones from set-up 
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level includes 99.73% of total 
production. 

6. Chance of an individual point 
exceeding a thance zone on one 
side or the other of set-up level, 
if process is in control 
Odds are about 2 to 1 against 
a part exceeding | chance zone 
Odds are about 21 to 1 against 
a part exceeding 2 chance zones 
Odds are about 370 to 1 against 


a part exceeding 3 chance 
zones. 
Odds are about 16,000 to 1 


against a part exceeding 4 
chance zones. 
Odds are about 1,740,000 to | 
against a part exceeding 5 
chance zones. 

7. Construction of control limits 
from 3 chance zone limits. 


Session Ili—Testing for Control of 
A Process 

In this session the X and R vari 

ables are introduced as’’measuring 


sticks” for the process, X denoting 
the level of quality and R the vari 
ability in quality. A control chart 
is constructed by using the sum of 
three dice (man, machine, and ma 
terial) as representative of a part 
measurement, accumulating an av 
erage and range for every five 
throws, and recording these data 
on the control chart. 

The American Standards Associ- 
ation formulas are applied to the 


X and R data from the dice process, 
and the significance of the control 
limits is shown by introducing a 
“loaded” die. The presence of an 
assignable cause immediately be 
comes apparent on the control 
chart. 








A helpful relationship is shown 
by dividing the process spread by 
six to get the width of one chance 
zone, or one sigma. For the three- 
dice process, X-Max. 18 and 
X-Min. 3, so we have 


(18 — 3)/6 15/6 2.$. 
Then, substituting 2.5 in the basic 
relationship for the stancard devi- 
ation of averages (ox) and the 
standard deviation for individuals 
(o,), we get 


re! 
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3G, = 3354 
This value is compared with the 
control limits obtained by using the 
R of the dice process. The agree- 
ment between theory and observa- 
tion is usually very close. 


so 


it is stressed that with a small 
number of pieces (twenty samples 
of n 5) the frequency distribu- 
tion will generally not be sym- 
metrical about the average or set- 
up level, nor will the maximum and 
minimum pieces representative of 
the process capability limits always 
be present. The product variability 
will be reflected by the average 
range of the several groups. 


An extensive use of visual aids 
is made in this session to bring out 
the significance of the statistical 
concepts involved. 


Session 1V—Process vs Specifications 


In this session the supervisor is 
shown how to answer the follow- 
ing questions by statistical analy- 
sis. 

1. Is my process capable of pro- 

ducing 100% acceptable ma- 
terial? 


2. How much scrap and rework 
must | expect to get from my 
process? 


3. Is new equipment necessary 
for my process? 


4. What is the optimum level of 

operation? 

It is shown how the normal curve 
area table can be used to provide 
a factual basis for answering such 
questions when they are consider- 
ed in the light of striking an eco- 
nomic balance between predicted 
scrap loss and cost of contemplated 
process changes. 

An efficient visual aid is utilized 
in this session. (See Front Cover.) 
The device consists of three main 
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parts: the bead hopper, the process 
panels, and the measurement com- 
partments. 


The bead hopper consists of 


forty upright tubes, each tube hold- 
ing ten, 3/8” diameter, beads. At 
the bottom of each tube is a sheet 
metal strip which, when retracted, 


allows ten successive beads to drop 
through the spout of the hopper 
and fall at random through the 
“process.” The hopper can be 
moved’ to any horizontal position 
by sliding it along the cross piece. 
The various positions of the hopper 


correspond to various set-up, or X, 
levels in the process, and the set- 
ting of the hopper at some chosen 
level is a basic adjustment in oper- 
ating the device. 


The process panels—man, ma- 
chine, material—are each 3” wide 
and 21” long. Each panel contains 
three rows of staggered pins. In 
each row the distance between the 
vertical centerlines of the pins is 
constant, and the distance between 
the horizontal centerlines through 
the pins from row to row is also 
constant. When the panels have 
been set in some desired position, 
and the hopper is moved right or 
left of a zero position, the arrange- 
ment of the pins bereath the hop- 
per spout remains the same (iden- 
tical process variability), but the 
set-up level is then above or below 
a zero position. The panels can be 
interchanged and/or shifted as 
much as 2” to the right to simulate 
process changes. By shifting the 
panels in various ways, assignable 
causes are readily introduced into 
a given process. 


The measurement cel!s are sepa- 
rated into an upperand lower com- 
partment enclosed by plate glass. 
Each compartment has forty cells, 
each cell being 19” long with 
square cross section 7/16” along 
an inside edge. The zero cell and 
every fifth cell is painted red to 
fe<'litate the measurement of the 
beads as they drop into the various 
cells. A spring trap separates the 
upper and lower compartments. A 
sample of five or ten beads is ac- 
cumulated in the upper compart- 
ment, measurements recorded, and 
the beads dropped by retracting 
the spring. A second spring trap 
at the bottom of the lower com- 
partment allows the beads to drop 
into a return hopper. 


In the Cover Picture, the lower 
compartment shows a process for 


which X == —10.45, R — 8.8, and 
3 o, — 11.3, based on samples of 
five. 


This particular process pattern 
was obtained by having all process 
panels set on a common centerline 
and moving the set-up hopper ten 
units to the left of its zero position. 
The upper compartment shows the 


“improved” process for which X — 
0, R — 5.95, and 3 o, = 7.65. 
The improvement was effected by 
shifting the material panel %” to 
the right and moving the set-up 
hopper to its zero position. 


time required to 
teach supervisors and inspectors 
the relationship between the nor- 
mal probability curve and X and 


R charts has been greatly reduced 
by using this device, which was 
designed to illustrate actual con- 
ditions encountered in the shop. 
In a very short time trainees can 
see the meaning of such terms as 


Instruction 


= 
set-up level (X), process variability 


(R), averages (X), process capabili- 
ties (3 o,), out of control processes, 
assignable causes, and so on. 


For each bead process an ar- 
bitrary specification is set up prior 
to obtaining samples. From the R 
of the process the theoretical scrap 
is predicted. This figure is then 
substantiated by an actual distri- 
bution of 800 beads, which pro- 
vides a practical demonstration of 
the use of the normal curve area 
table. It is stressed that the ulti- 
mate refinement of a process de- 
pends upon the latent capabilities 
of man, machine, and material, 
and that a satisfactory process at 
an unsatisfactory level may pro- 
duce as much scrap and rework as 
an uncontrolled process. 


The four sessions are suitable for 
the majority of the supervision, 
although special topics and further 
study is encouraged in the inspec- 
tion division. Special classes are 
also held for quality control inves- 
tigators and observers in which p 
charts and acceptance sampling 
techniques are explained. A car- 
toon booklet and a story concern- 
ing the introduction of quality con- 
trol methods into a screw machine 
department have also been de- 
veloped for distribution to the fore- 
men in the processing departments. 
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Some Methods for Selecting and Training Personnel 
In Statistical Quality Control 


E. D. THOMPSON 


DIRECTOR OF QUALITY CONTROL, FANSTEEL METALLURGICAL CORPORATION 
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The success of any quality con- 
trol program is entirely dependent 
upon its intelligent application to 
the problems of industry. The 
theory and knowledge of statistical 
quality control will, of itself, ac- 
complish nothing; it will not reduce 
the quantity of scrap by one piece, 
nor cut costs one cent. It is ap- 
parent, therefore, that the success- 
ful application of quelity control 
depends upon the ingenuity and 
knowledge, or know-how, of the 
personnel engaged in using this 
important new management tool. 
The problem of selecting and train- 
ing personnel in quality control 
work is therefore probably more 
important than the actual applica- 
tion of the program itself. This 
point cannot be stressed too strong- 
ly; the success or failure of any 
quality control program will de- 
pend entirely upon the care and 
time that is originally spent in the 
selection of personnel and upon an 
adequate training program. 

The complete personnel field 
dealing with the selection and 
training of people for work in this, 
or any other endeavor, is a voca- 
tion in itself, and any attempt to 
cover the multiplicity of problems 
encountered in various industries 
would require discussion beyond 
the scope of this paper. Further, 
the exact manner of selection and 
training will depend upon the ad- 
ministrative policy of a particular 
organization as well as upon the 
type of business in which the com- 
pany is engaged, the organization- 
al set-up, and the peculiar prob- 
lems of the industry. The ideas and 
statements that follow must be of 
a more or less general nature, but 
in most cases can be amplified or 
modified to meet individual prob- 
lems. It might be stressed, how- 
ever, that the general methods that 
are outlined here have been, and 
still are being, applied successfully 
by many firms. Theory alone will 
have no place in this discussion. 
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First, then, let us consider the 


problem of finding individuals 
who might fit into a_ statistical 
quality control program. One of 


the first and most important quali- 
fications to think about is experi- 
ence. A number of other consider- 
ations will, of course, automatical- 
ly suggest themselves in connection 
with any plans that one may have 
with reference to the employment 
of people who are going to do the 
actual work involved in a quality 
control program. Experience, how- 
ever, is certainly a consideration of 
foremost importance. 


Statistical quality control work 
is comparatively new, and there 
are few trained men available. 
Experienced quality control men 
who also have other desirable 
characteristics necessary for a po- 
sition of a supervisory nature are 
extremely hard to find) However, 
with a little luck, one such person 
can generally be found. In addi- 
tion to knowledge of quality con- 
trol techniques, it is desirable that 
this individual have experience in 
the line of work, or at least in the 
field, in which he is to function. 
Obviously, it is much better if he 
is also experienced in one’s own 
plant. Therefore, it is wise (and 
generally possible) to find a suffi- 
cient number of employees with 
the necessary personal character- 
istics and educational background 
in one’s own plant to provide a 
pool from which to draw. In fact 
it is most desirable to use persons 
experienced with the product be- 
ing manufactured. In those com- 
panies making particularly com- 
plex or unusual products it is man- 
datory that selection of trainees be 
from those persons having a fun- 
damental knowledge and under- 
standing of the product, inasmuch 
as it is seldom possible to get per- 
in both the 


sonnel experienced 
process and in quality control 
work. For example, a company 


may be engaged in the manufac- 
ture of a product that is dependent 


upon a very complex metallurgical 
or chemical procedure, and the sta- 
tistical analysis of the character- 
istics of the finished product may, 
and very often does, reveal roots 
that extend back into the metal- 
lurgical or chemical processes. It 
can be easily understood, there- 
fore, that it may be simpler to train 
some one in quality control work 
who already has a knowledge of 
the plant processes than to take 
some one experienced in quality 
control methods and attempt to 
train him in the many and compli- 
cated metallurgical and chemical 
processes. 


Another point that should be 
mentioned is the fact that when a 
quality control program is being 
introduced the matter of costs 
always enters the picture. While 
top management may be opposed 
to the organization of an entirely 
new and separate department and 
the employment of outside help, 
with the consequent increase in the 
payroll, it may be willing to listen 
to a proposal of instituting a pro- 
gram which uses the personnel 
already available in the plant. 


Once the decision has been 
made to select and train personnel 
already in the organization, it be- 
comes necessary to scan the per- 
sonnel records and try to find the 
type of person who would be most 
adaptable to training in the new 
statistical methods of controlling 
quality. It has been found that the 
best quality control operators are 
those that possess some or all of 
the following characteristics: (1) 
engineering judgment, (2) imagi- 
nation, (3) diplomacy and tact, (4) 
patience, (5) honesty. In addition 
to the foregoing personal charac- 
teristics, a quality control tech- 
nician should have included in his 
background: (1) knowledge of the 
process, (2) understanding of pro- 
duction problems, (3) knowledge 
of mathematics, (4) at least a high 
school education. 
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A study of personnel records will 
reveal that men combining most of 
the above mentioned qualifications 
are most likely to be found in the 
inspection department and in the 
This does 
not exclude the possibility of find 


engineering d :partrr ent 


ing trainees in other departments, 
but the most likely source will be in 
lf the 


selected prospective quality control 


the departme nts mentioned 


engineers are properly approach 
aroused in 
the advantages and future in qual- 


ed and their interests 


ity control work, they will general- 
ly be willing to accept training. An 
incentive to offer is that the quality 
control department may be a step 
toward other supervisory and man 
agement positions 

The discussion thus far may be 
condensed into the following three 
very general considerations bear 
ing on the selection of quality con 
trol personnel 

(1) Your own plant probably 
will provide the best source from 
which to draw qualified person- 
nel 


2?) it may be easier to teach 
quality control to individuals ex 
perienced in your own particular 
processes than to teach your tech 
niques to newly employed experi 
enced quality control personnel. 

(3) The engineering and inspec 
tion departments may be expected 
to contain persons who will be 
most likely to possess the qualifi- 
cations necessary for quality con 
trol engineers and supervisors 

The problem next arises as to the 
training personnel in 
Here, again, 
a great deal depends upon the size 


method of 
quality control work 


of the company and just how am- 
bitious the quality control program 
is. There are a number of meth- 
ods by which this problem may be 
met, such as: 


(1) In-plant training of selected 
employees 

(2) University training 

(3) Training through community 
adult education programs 

(4) Training by consultants 

In a small firm it may be desir- 
able to send one or two selected 
persons to a university for inten 
sive training in statistical quality 
control. Fortunately quality con- 
trol courses aze offered in a num 
ber of universities as part of their 
regular curricula or as separate in 
tensive ten-day courses. This train 
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ing is most desirable. In addition 
to the universities, there are tech- 
nical schools, vocational schools, 
and even high schools that are 
offering quality control courses 
aimed at providing persons with 
the fundamental concepts of the 
subject. A firm considering the in- 
stallation of a quality control pro- 
gram cannot be urged too strongly 
to take advantage of this outside 
training 

Where a large corporation is 
getting a quality control program 
under way it is probably more ad- 
visable to institute a regular train- 
ing program within the plant con- 
ducted by key personnel who have 
taken one of the courses mentioned 
above. This type of training has 
the advantage of focusing the 
quality control training on particu- 
lar problems. In this way special- 
ized training can be provided to 
fit directly into the original outline 
of the comprehensive program. It 
is, of course, necessary in training 
of this type to have some one who 
is qualified to assume the burden 
of the training program. Many 
firms have been very successful in 
selecting the men who are going to 
manage the program and in send- 
ing them to school for an intensive 
course of training, after which 
these men have conducted a regu- 
lar in-plant training program. 

This plan, however, will possess 
a serious weakness if the man who 
has been sent to school is not given 
sufficient time in which to try out 
the methods he has learned before 
he attempts to teach them to others: 
he will lack the practical experi- 
ence so necessary to successful in- 
plant training. This weckness can 
be overcome and the training pro- 
gram speeded up in some cases by 
employing qualified consultants to 
conduct such classes. Many of 
these consultants have had a wide 
variety of practical experience and 
are considered experts in the qual- 
ity control field. A combination of 
technical knowledge and practical 
experience is an essential require- 
ment of the man who is to conduct 
a training program. 


The above discussion of methods 
for training personnel may be sum- 
marized as follows. 

(1) The entire personnel _in- 
volved may be sent to a school for 
training 

(2) The key person in a quality 
control program may attend an in- 





tensive course and conduct an in- 
plant training class upon his re- 
turn. 


(3) An experienced quality con- 
trol engineer may be employed to 
conduct the training and then 
supervise the program. 

(4) A qualified consultant in 
quality control may be retained to 
orgonize and conduct an in-plant 
training course. 

In broad outline a schedule of 
topics for an in-plant training 
course could be as follows. 

(1) Statistical quality control 
What it is and what it does. 

(2) Demonstration of contro! 
chart principles Measurement 
charts. 

(3) Fraction defective and de- 
fects per unit charts. 

(4) Acceptance sampling. 

(5) Planning fer statistical con- 
trol. 

(6) Review. 


Most of the ideas expressed thus 
far have to do with the establish- 
ment of a quality control program 
in firms that have not had previous 
programs of this sort. This has 
been more or less deliberate be- 
cause firms having well defined 
and successful programs in opera- 
tion have already adopted a meth- 
od of selecting and training per- 
sonnel. This paper is aimed at 
those who want to get started in 
this work but who are not too sure 
just how to go about it. 


One other point that should not 
be overlooked: a qualified sta- 
tistician, or someone well versed 
in statistical methods, should be a 
port of any quality control pro- 
gram. There is a very good reason 
for this. Although a company may 
be entirely successful in installing a 
quality control program, there 
must be someone in the organiza- 
tion who is qualified to analyze 
data and to judge the results of 
savings or improvements that are 
effected. It is not enough to reduce 
rejections and scrap, or improve 
efficiency. Unless a competent an- 
alysis is made of the savings and 
improvements achieved, an em- 
barrassing situation can arise 
when the question is raised as to 
just what the quality control pro- 
gram has accomplished either in 
actual savings in dollars and cents 
or improvement in quality. Unless 
top management can be shown 
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something concrete or substantial 
it is fairly certain that the effec- 
tiveness of the program may be 
greatly minimized. 

The surest way for a quality con- 


trol program to justify its exist- 
ence as far as top mcnagement 
is concerned is to reduce costs. 


There may be those who will ques- 


tion this statement, citing cases 


where the cost of some product re- 
mained the same but the quality 
level was raised, or the quality 


control program actually resulted 
in more inspection, or some other 
argument. But the one fact that 


must remain uppermost in the 
mind of anyone engaged in quality 
control work is that it must result 
in a reduction of costs. Knowing 
this, it is of primary importance to 
give careful attention to the proper 
selection and the adequate train- 
ing of the personnel to be engaged 
in quality control work 


Application of Statistical Methods to the 
Inspection of Porcelain Enamel 
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The experience which the Ameri- 
can Stove Company had with the 
use of statistical methods in con- 
trolling quality during the war 
period showed that these tech- 
niques can be a valuable tool if 
wisely used. It is also the experi- 
ence of this company that quality 
can best be maintained by a qual- 
ity control department, independ- 
ent of production, and charged 
with the responsibility of establish- 
ing and maintaining acceptance 
standards and inspection proced- 
ures. The company manufactures 
gas and coal ranges in three dif- 
ferent plants. The inspection de- 
partments in these plants are re- 
sponsible to the quality control de- 
partment for adherence to quality 
standards and inspection proced- 
ures. These inspection procedures 
are being revised gradually to per- 
mit the use of control charts and 
more efficient sampling methods. 


Since the process whereby a 
layer of porcelain enamel is ap- 
plied to sheet iron represents an 
essential phase of range fabrica- 
tion, it was considered a fertile 
field for the application of statis- 
tical methods. This paper will dis- 
cuss the preliminary analysis lead- 
ing to the establishment of control 
charts for the final inspection of 
finished white porcelain ware in the 
enamel shop. The data used were 
obtained at one of the plants in 
which the enamel shop was oper- 
ating in the face of great difficul- 
ties at the time the data were col- 
lected. During the war the enamel 
shop in this plant was dismantled 
to provide additional space for 
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production under a government 
contract. The plant resumed range 
production before the end of the 
war, and consequently it was 
necessary to relocate the spray 
booths, furnaces, and other enamel 
shop equipment in a portion of the 
factory not ideally suited to enam- 
eling. Because of this, the number 
of rejects was higher than would 
normally be expected. 


Even under ideal conditions, 
there are many variables in the 
enameling process. The quality of 
the product is affected by the 
grinding and mixing of the ingre- 
dients, and the application and 
fusing of the enamel to the sheet 
metal. The characteristics of the 
iron from which the part is fabri- 
cated, and the forming of the part 
itself, also influence the finish of 
the porcelain product. In order to 
achieve efficiency and an even 
flow of production on the range 
assembly line it is essential that 
strict control of these variables be 
maintained in the enameling shop 
Statistical methods are believed to 
be the best means of achieving 
such control. 


It has been, and will continue to 
be, the practice to conduct a 100% 
inspection of the finished white 
ware before it leaves the enamel 
shop. It is more economical to 
remove rejects at this station than 
to do so on the range assembly 
line. At the time the finished white 
ware leaves the furnace it is re- 
moved from the furnace chain and 
placed on a moving inspection belt 
As the pieces pass the inspection 
station they are inspected visually 
for 27 possible types of defects 


The pieces are classified in four 
groups with reference to their po 
sition on the range regardless of 
the range model number on which 
they are to be used. These groups 
are: body sides, door panels, top 
frames, and mantel backs. There 
are, in.addition, smaller enamel 
parts which are inspected but not 
tallied at the inspection station. Re 
worked ware is also carried on the 
belt and inspected for defects. This 
ware is tallied on separate sheets. 
Since the percentage of rejects is 
higher on reworked ware, it must 
be recorded separately from first 
run ware in order to obtain a true 
picture of the enameling process. 


A tally sheet is used for each of 
the four different groups of ware: 
body sides, door panels, top 
frames, and mantel backs. Such 
defects as under or over fire, heavy 
or light spray, fish scale, copper 
heads, blisters, hairlines, dirt and 
specks, handling, lumps, sagging, 
scumming, spray tear, pits, chip 
ped, reboil, fabricating, and bad 
iron are among the 27 defects in- 
cluded on each sheet. 


Approximately 2,000 pieces of 
finished white enamel ware of var- 
ious sizes pass the inspection sta- 
tion every eight hours 

The first step taken in this inves- 
tigation was to compile data on 
past performance. The data were 
broken down into two periods: that 
from May to the end of September, 
1945, and from September through 
the end of the year. Production 
was increased in September, and 
at the same time a different type of 
enamel was introduced. Among 
other things, it was desired to know 
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if this change had any appreciable 
effect on the quality of the work. 
For both periods it was found that 
seven types of defects accounted 
for approximately 75% of the total 
rejects. If these seven types of de- 
fects could be brought into statis- 
tical control, then the other twenty 
types could be disregarded for all 
practical purposes as long as they 
continued to retain their relative 
insignificance. The seven major de- 
fects are: dirt and specks, hand- 
ling, light spray, lumps, spray tear, 
pits, and blisters. 


Table 1 and Table 2 present the 
essential data for the seven major 
defects and for the total defects 
for the two periods. In_ these 


tables the n values in column 1 
represent the average number of 
pieces inspected daily for the days 
listed in column 3. Column 2 
shows the total days in production 
for each period. In order to arrive 


at an estimate of the p values that 
might be expected with the process 
under statistical control, those days 
were omitted on which the sample 
size or the percentage of defects 
were clearly not representative of 
the process, thus leading to the 


data in column 3. The p values in 
column 4 are the average reject 
percentages for the average num- 
ber of pieces inspected for the num- 
ber of days shown in column 3. 
Columns 5-6-7 are self explana- 
tory. 


In reviewing these data it should 
be remembered that the inspection 
is purely visual, and that inspec- 
tors’ errors of judgment affect the 
final results. The average percent- 
age of rejects of body sides and 
door panels was approximately 
equal for the two periods, whereas 
there was an appreciable differ- 
ence in these percentages for top 
frames and mantel backs. When 
the totals at the top of the table 
are compared with the breakdowns 
for the seven types of defects, it is 
seen that the seven types were in 
control for more days that were the 
totals. The rejections due to pits 
and blisters were higher during the 
second period, which may possibly 
have been caused by the use of a 
different enamel during the latter 
period. The difference between the 
p values for the different groups 
for each type of defect can be logi- 
cally explained as due to the shape 
or size of the pieces. 
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Table 1: 

l 2 

Total 

n Days 
2 Body Sides 428 3 
~ ©@| Door Panels 686 89 
S| Mantle Backs 236 75 
<=) Top Frames 211 80 
=%| Body Sides 28 83 
“2 )\ Door Panels 686 89 
= =| Mantle Backs 236 75 
a Top Frames 211 80 
‘ jody Sides 42% 83 
= “| Door Panels 686 89 
.3:= | Mantle Backs 236 75 
- Top Frames 211 80 
~| Body Sides 428 83 
~ =» | Door Panels 686 R9 
7) Mantle Backs 236 75 
~ Top Frames 211 80 
“| Body Sides 2 83 
=| Door Panels 686 89 
=| Mantle Backs 236 75 
“| Top Frames 211 R80 
» | Body Sides 428 83 
» 3 | Door Panels 686 89 
~& | Mantle Backs 236 75 
a Top Frames 211 80 
Body Sides 428 83 
“| Door Panels 686 89 
& | Mantle Backs 236 75 
Top Frames 211 80 
& | Body Sides 428 83 
= | Door Panels 686 89 
= | Mantle Backs 236 75 
| Top Frames 211 80 


The data shown in Tables 1 and 
2 were compiled to arrive at an es- 
timate of fraction defective values 
which would be sufficiently char- 
acteristic of the process to be 
adopted as tentative standards. 
This is the.main reason that these 
data were compiled over such a 
long period rather than for only a 


few weeks. The p values shown in 
these tables were therefore adopt- 
ed as tentative standard values, p’. 


At this point, it was decided to 
adopt standard sample sizes also, 
and to use control charts for num- 
ber of defectives rather than frac- 
tion defective. A standard sample 
size of 200 was adopted for spray 
tear and 100 for the other six 
principal types of defect. It was 
thus possible to construct a table 
of tentative standards for control 
charts, and to make up E-lank con- 
trol chart grids with standard cen- 
ter and control lines drawn in. One 
chart form was made up for each 


INSPECTION OF FINISHED WHITE PORCELAIN WARE 
MAY 12, 1945 TO SEPTEMBER 24, 1945 
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Net Days Out 
Days of 

for p p UCL LCL Control 

% % % 
73 15.2 20.4 10.0 42 
RR 10.6 14.1 7.1 37 
67 17.0 24.3 9.7 21 
75 22.8 32.0 13.6 28 
79 3.6 6.3 0.9 25 
89 2.6 4.4 0.8 10 
68 5.0 9.3 0.8 12 
74 5.1 9.6 0.6 7 
76 2.1 4.2 0.0 21 
89 2.8 4.7 0.9 21 
70 4.2 8.1 0.: 10 
76 4.5 8.7 0.2 gy 
81 1.0 2.5 0.0 6 
BS 0.8 1.8 0.0 13 
67 0.9 yy | 0.0 15 
68 2.0 4.9 0.0 19 
78 1.6 3.1 0.0 12 
88 1.2 2.4 0.0 9 
70 1.4 3.7 0.0 7 
74 2.0 4.9 0.0 6 
78 0.9 2.2 0.0 13 
86 0.6 1.4 0.0 » 
7 0.8 2.0 0.0 15 
77 3.1 6.6 0.0 10 
79 0.9 2.3 0.0 11 
87 0.4 1 0.0 9 
71 0.5 1.8 0.0 6 
80 1.1 3.2 0.0 ) 
78 0.5 1.4 0.0 11 
86 0.2 0.7 0.0 ll 
70 0.5 1.9 0.0 12 
1.6 


of the four groups of enamel ware 
with a grid for total rejects in that 
group shown at the top of the form 
followed by grids for each of the 
seven major types of defects in that 
group. These chart forms were 
16” x 22” in size, and were posted 
for use at the inspection station. 


Tally sheets on which the inspec- 
tors record their data provide col- 
umns labeiled in units of 100, so 
that after each hundredth piece has 
passed an inspector's station that 
sample is completed and he begins 
tallying rejects in the adjacent col- 
umn. All 27 defects are recorded 
on these tally sheets, but only 
totals and the seven major defects 
per hundred pieces inspected are 
posted on the control charts. Of 
course, if any of the other twenty 
defects increase appreciably in 
magnitude at any time, additional 
control charts will be added for the 
particular defects causing trouble. 
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At the time this paper was pre- 
pared, these charts had been in 
operation a little less than two 
months. By checking back on points 
outside control limits, some im- 
provement has been made, but the 
process has not at this writing at- 
tained a satisfactory state of sta- 
tistical control. When a new plant 
addition now under construction is 
completed, it is confidently expect- 
ed that the procedures now in ef- 
fect will lead to eventual control 
with a set of standards substantial- 
ly better than those currently in 
force. 

It should be emphasized that 
these charts do not eliminate 100% 
inspection. Therefore, they do not 
reduce the cost of inspection. They 
are of material assistance in the 
following ways: 

1. They help to improve the 
quality of inspection. 

2. They help to improve the 
quality of the product. 

3. They will eventually make 
it possible to bring the 
process under statistical 
control. 

4. They provide production 
foremen and supervisors 
with reliable information 
concerning the state of the 
process. 

5. They are helping to reduce 
the number of rejects, and 
thereby to reduce the cost 
of production. 


The Use of Statistics in the 


Table 2: 
- 1 2 
Total 
n Days 

2% Body Sides 507 45 
— %| Door Panels 1351 59 
SS | Manite Backs 443 51 
=| Top Frames 337 58 
ee | Body Sides 507 45 
“ o Door Panels 1351 59 
& | Mantle Packs 443 51 
QQ | Top Frames 337 58 
di | Body Sides 507 45 
= ™) Door Panels 1351 9 
.=:= | Mantle Backs 443 51 
“ Top Frames 337 58 
% | Body Sides 507 45 
2& Door Panels 1351 59 
tom | Mantle Backs 443 51 
a Top Frames 337 58 
2| Body Sides 507 45 
=| Door Panels 135 59 

=| Mantle Backs 443 51 
“|! Top Frames 337 58 
» | Body Sides 507 45 
» Door Panels 1351 59 
~& | Mantle Backs 443 5] 
& | Top Frames 337 58 
Body Sides 507 45 

# | Door Panels 1351 59 
&| Mantle Backs 443 51 
Top Frames 337 58 

x | Body Sides 507 45 
2} Door Panels 1351 59 
=| Mantle Backs 443 51 
a | 337 58 


Top Frames 
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Net Days Out 
Days of 
for p p UCI LCL Control] 
26 17.2 22.2 12.2 0 
54 11.6 14.2 9.0 1 
16 22.6 28.5 16.7 19 
43 27.9 55.2 20.6 4 
37 4.19 6.86 1.52 7 
55 2.11 $.25 0.97 29 
47 2.8 17 0.49 OF 
53 OR 90 0.16 12 
9 2.08 97 0.19 x 
59 1.93 5.04 0.82 14 
50 }. 28 5.80 0.76 13 
55 4.17 7.44 0.90 10 
34 0.55 7 0.00 15 
59 0.71 1.4 0.00 7 
37 0.86 2.18 0.00 19 
37 5.69 6.78 0.60 26 
0 1.92 72 0.12 18 
2 1.83 2.91 0.75 16 
IR > R4 18 0.50 2 
27 1.86 4.02 0.00 4 
414 0.23 0.80 0.00 ) 
x 0.13 0.19 0.00 10 
»] 0.20 O.&: 0.00 : 
45 0.79 2.23 0.00 18 
] 1.555 1.30 0.00 22 
] 1.09 1.93 0.25 24 
0.81 2.07 0.00 9 
47 1.86 4.08 0.00 14 
32 1.36 2.92 0.00 13 
27 1.03 1.84 0.22 33 
7 1.30 2.89 0.0 43 
50 1.52 3.50 0.0 11 


Design of Experiments 


PAUL PEACH 


INSTITUTE OF INDUSTRIAL STATISTICS, NORTH CAROLINA STATE COLLEGE 


[ Clinic 7 } 

People are usually surprised 
when they learn for the first time 
that there is such a thing as a 
scientific approach to experimental 
design; they are still more sur- 
prised to find that the design of 
experiments in such diverse fields 
as nutrition, aerodynamics, and 
psychology falls properly within 
the province of the statistician. 
Yet the reasonableness of this 
latter point, at least, should be 
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clear enough. Experiments are 
undertaken for the purpose of get- 


ting numerical data — counts or 
measurements. From these data 
scientific conclusions are to be 


drawn, and the drawing of these 
conclusions is a matter of statistical 
inference. What more natural than 
that the statistician, who must 
eventually try to make sense of the 
results, should have a voice in de- 
signing the investigation from 
which the results are to come? 


Much less obvious is the fact 
that the design of experiments is a 
specialized professional field which 
calls for considerable resources in 
ingenuity and technical know!l- 
edge. In order to understand why 
this is true, let us look briefly at 
the purpose of all experimentation 
to see if we can deduce a set of 
standards which a good experi- 
ment ought to satisfy. 


The general standards are clear 
enough. Qualitatively, the experi- 


15 











ment should be capable of shed- 
ding light upon the question under 
investigation. Quantitatively, it 
should be such that there exists at 
least one possible outcome which, 
if it happens, will enable an infer- 
ence to be made. _ The inference 
need not be conclusive in the sense 
that it answers the question with 
finality; it need only be an item 
of evidence which will be added 
to other evidence, the eventual de- 
cision being guided ultimately by 
the entire mass. All this is obvious, 
and it may still be far from clear 
that such elementary points need 
discussion. 

Consider the qualitative require- 
ment first: That the experiment be 
capable of shedding light upon the 
question under investigation. Mil- 
lions of dollars have been wasted 
in defective experiments which 
neglected this rule; millions more 
by people who drew conclusions 
from such experiments, and acted 
upon them. A well-known example 
is the pre-election poll of the Liter- 
ary Digest in 1936. Ballots were 
sent to lists of registered voters, 
telephone subscribers, and other 
more or less selected groups. As it 
turned out, these people simply 
did not represent the mass of citi- 
zens who went to the polls in the 
following November. The error 
was, of course, in sampling. The 
Gallup poll of the same year, using 
better sampling methods and a 
comparatively number of 
ballots, predicted the outcome of 


small 


the election quite accurately. We 
may call this type of mistake the 
“guinea pig fallacy,” since it used 
to be made frequently by biolo- 
gists who studied guinea pigs and 
then drew conclusions about hu- 
man beings. When an inspector 
opens one box of a shipment of 
(say) fifty and accepts or rejects 
the lot on the basis of this box, he 
needs assurance that statistical 
control exists—that is, that the box 
chosen for inspection is “repre- 
sentative;” otherwise he falls into 


the guinea pig fallacy. 
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A second type of error, less fre- 
quently mode now than formerly, 
but still to be guarded against, is 
found in the “uncontrolled” experi- 
ment. Suppose a health officer is 
investigating a typhoid epidemic, 
and checking the local milk supply. 
He asks each family with typhoid, 
“Where do you get your milk?” 
and makes the following rable: 


No. of 


Customers of Typhoid Cases 


Dairy A 64 
Dairy B 19 
Dairy C 4 
Other Dairies 4 


As they stand, these data are in- 
capable of shedding light upon the 
question of whether or not typhoid 
has come from infected milk. True, 
two-thirds of the typhoid cases 
used milk from Dairy A. The be- 
ginner in experimentation might 
think badly of Dairy A’s product. 
But suppose further investigation 
shows that nine out of every ten 
households in the community get 
their milk from Dairy A. Going by 
averages alone, and assuming 
the milk has nothing to do with 
typhoid, Dairy A is entitled to 82 
typhoid cases out of the total of 
91. The actual number observed 
(64) is small enough to suggest the 
possibility that using Dairy A’s 
milk actually gave some protection 
against typhoid. The mistake fre- 
quently made in this type of ex- 
periment is to leave out the fami- 
lies that did not get typhoid; that 
is, to omit the “control.” 

Even when an experiment is 
qualitatively capable of providing 
information, it may be on so limit- 


ed a scale that no inference can 
be made, no matter what the out- 
come may be. Suppose the claim 
is made that it is possible to pre- 
dict the outcome of some chance 
event—say the tossing of a coin. 
“Heads” are predicted, the coin is 
tossed, and heads actually does 
come up. Here is an experiment 
which does not of itself prove any- 
thing, and does not even raise 
much of a presumption; it is too 
easy to guess the outcome, and in 
fact a random guess will be right 


fifty per cent of the time. But if 
five such successful predictions are 
made, without one failure, the per- 
formance has a more convincing 
quality, since the chance of guess- 
ing right five consecutive times is 
one in thirty-two. 


Perhaps acceptance inspection is 
the most obvious illustration in in- 
dustrial work where the scope of 
the experiment is inadequate. As- 
sume some definition for “good 
lots” and “bad lots;” the inspection 
plan presumably should accept 
good lots and reject bad ones with 
a misjudgment only once in a 
while. The size of the sample must 
be capable of giving the desired 
amount of discrimination. If for 
example a “good lot” is defined as 
one per cent defective and a “bad 
lot” as three per cent defective, a 
sample size of 500 will be needed 
to discriminate between them with 
95 per cent confidence (assuming 
a large lot size). If fewer speci- 
mens are inspected, more bad lots 


will be accepted and/or more 
good ones rejected. 
A fallacy that is still deeply 


rooted in scientific experimenta- 
tion is that of requiring “uniform 
conditions,” with all factors “held 
constant” except one. Actually, 
uniform conditions are a myth. It 
is certainly desirable to achieve a 
reasonable approach to uniform- 
ity, but just how far to go is a 
matter of judgment to be decided 
for each case; no general rule can- 
be laid down. Sometimes so much 
uniformity can be imposed upon 
an experiment that its purpose is 
defeated. The results then relate 
to a highly artificial environment 
quite different from reality, and 
there follows the deflating experi- 
ence of experimental predictions 
that do not work out in practice. 


It is sometimes most inadvisable 
to try to hold all factors but one 
constant, since frequently there is 
an interaction between factors that 
is more important than any of the 
direct effects. Suppose a chemical 
laboratory desires to test the rela- 
tive accuracy of two balances. The 
classical pattern may be followed, 
ond a reliable technician secured 
to make a number of weighings of 
the same article on each of the two 
balances. If instead, it is desired 
to investigate the differences be- 
tween two technicians, then each 
may make a series of weighings 
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on the same balance. But accord- 
ing to the modern theory of experi- 
mentation, these two investigations 
would be combined in a single ex- 
periment, in which each technician 
would use each balance. If the 
technicians are designated by T, 
and Ts, and the balances by B,; and 
Bo, the resulting experiment makes 
possible three comparisons as fol- 
lows (T;Bs means the results ob- 
tained when Technician No. 1 used 
Balance No. 2, and so on): 


Comparison 1: 1,B; and T,B. 
against T.B, and T.Be 

Comparison 2: 1,B,; and TB; 
against T,B. and TB. 

Comparison 3: 1,B; and T2B» 
against T.B, and T,Bo. 


In Comparison 1, the balances 
are equalized on both sides, and 
any difference in excess of random 
error must be due to technicians. 


In Comparison 2, technicians are 
equalized on both sides, and any 
difference must be due to balances. 


In Comparison 3, both balances 
and technicians are equalized. If 
there is a difference, it must be due 
to some circumstance that makes 
the individual balances unequally 
suited to the individual technicians. 
For example, if one technician is 
left-handed and the other right- 
handed, there might be a differ- 
ence between the balances lead- 
ing T, to prefer one balance and 
T. the other. Such an effect is 
called an interaction. It happens 
whenever the effect produced by 
one factor is modified by changes 
in the other. Interaction effects are 
generally overlooked by the classi- 
cal one-factor method of experi- 
mentation. 


The leading work on modern 
experimental design is, The Design 
of Experiments by R. A. Fisher (3rd 
edition, 1942; Oliver & Boyd, Edin- 
burgh). A fairly elaborate treat- 
ment from the engineering point 
of view can be found in Industrial 
Statistics by H. A. Freeman (Wiley, 
1942); a brief introduction, also for 
engineers, is given in the present 
writer's Industrial Statistics and 
Quality Control (2nd edition, 1946; 
Edwards & Broughton, Raleigh, 
North Carolina). The subject is 
worth careful study, since it opens 
opportunities for extending our 
knowledge, at the same time mak- 
ing efficient use of our experi- 
mental resources beyond anything 
possible with the classical methods 
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RECORD OF CLINIC PAPERS 
NOT Published In 
Industrial Quality Control 


Following is a listing of the clinic papers given at the conference but 
not published with the other conference papers in Industrial Quality Con- 
trol. 


Clinic No. 2. 


“An Application of p Charts’—Keith E. Ross, Product Quality Division, 
General Electric Company, Fort Wayne, Indiana. 
Reason: No manuscript available. 


Clinic No. 4. 


“Some Quality Control Methods for Short Runs and Job Lots”—Ralph E. 
Wareham, Manager, New Products, National Photocolor Corp., New York, 
N. Y. 


Clinic No. 5. 


“Practical Application of Quality Control at the John Deere Tractor Com- 
pany”—E. L. Fay, Chief Inspector, John Deere Tractor Company, Waterloo, 
lowa. 

Reason: Substantially this same paper appeared as Quality Control Re- 
port No. 8, September, 1945. These reports are available at a price through 
the Department of Commerce, Office of Technical Services, Washington 
25, DB. C. 


Clinic No. 8. 
“How Quality Control is Introduced to Top Management’—Frederick J 
Halton, Jr., Assistant to the President, Deere and Company, Chicago, 
Illinois. 
Reason: This paper was summarized adequately on page 25 of the May 
issue and on page 11 of the January Management issue of Industrial Qual- 
ity Control. 


Clinic No. 13. 
“Quality Control Applied to the Mass Production of Precision Ball and 
Roller Bearings”—C. R. Scott, General Supervisor of Quality, SKF Industries, 
Inc., Philadelphia, Pa. 
Reason: This paper was published in the November 1945 issue of Indus- 
trial Quality Control. 


Clinic No. 14 


“Special Techniques in p-Charting” Herbert J. Sprengel, 
Engineer, General Electric X-Ray Corp., Chicago, III 


Quality Control 


Reason: No manuscript available 

Clinic No. 15. 
“Quality Control in Processes Involving the Human Element Exclusively” 
James M. Ballowe, Manager, Quality Inspection Department, Aldens, Chi 
cago, Ill. 
Reason: Substantially this same paper appeared as Quality Control Re- 
port No. 7, September 1945 Available as mentioned for Clinic No. 5 
above 


Clinic No. 19. 


“Statistical Quality Control in Radio Manufacture”—Fred Trowbridge, Qual 
ity Control Engineer, Sentinel Radio Corp., Evanston, Ill 


Reason: Substantially this same paper appeared as Quality Control Re- 
port No. 5, September 1945. Available as mentioned for Clinic No. 5 
above 
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NOTICE 


The publication of the Reports of the Midwest Quality Control Con- 


ference is completed in this issue. The Reports appear in the May, July, 


September, and November issues of the magazine and are available at 


a cost of $4.00 for the set or $1.00 each for individual copies. 


Orders 


should be sent to Martin A. Brumbaugh, Crosby Hall, University of 


Buffalo, Buffalo 14, New York. 


preciated. 


A BIBLIOGRAPHY OF STATISTICAL 
QUALITY CONTROL. Grant |. But- 
terbaugh. Univ. of Washington 
Press, October 1946. Pp. 114. $1.50. 
Review by Doris Newman, Instruct- 
or in Statistics, University of Buf- 
falo. 


Dr. Butterbaugh, in his annotated 
bibliography, has listed and com- 
mented on 712 articles, manuals 
and books, which appeared dur- 
ing the period 1924-1945, dealing 
with statistical quality control. The 
value of such a bibliography in a 
comparatively new field is appar- 
ent. 


The booki!et is divided into three 
parts and includes an index of 
authors. Part | contains references 
which appeared in periodical lit- 
erature. The periodicals are listed 
alphabetically and under each 
periodical the articles are arranged 
consecutively according to date of 
appearance. The following is an 
entry, selected at random which 
appears in Part |: 


A71 AMERICAN STATISTICAL 
ASSOCIATION, JOURNAL (Mar., 
1941) 36:53-60 On the initiation 
of statistical method for quality 
control in industry. L. E. Simon. 
Practical steps are outlined 
which may help to “sell” sta- 
tistical methods to manage- 
ment of industry. Necessity of 
devising simple procedures 
which may be applied by per- 
sons other than the statistician 
if there is to be an immediate 


Remittance with orders will be ap- 


. Rewew... 


use of statistical methods for 
quality control on a large 
scale. See Management Re- 
view (September, 1941) 30:- 
335-336, for abstract of above 
article. 


Part Il contains an alphabetical list 


of manuals, monographs and 


pamphlets by publishing agency. 


A typical entry in Part II is: 
a9 AMERICAN STANDARDS 
ASSOCIATION, New York, N. Y. 
Control Chart Method of Con- 
trolling Quality During Produc- 
tion (April, 1942). Pp. 41. 


A manual on the use of con- 
trol charts known as Z1.3-1942 
which has become a handbook 
for all who are interested in 
the subject of quality control 
by statistical methods. See re- 
views: Industrial Standardiza- 
tion (May, 1942) 13:109-110, 
by John Gaillard; American 
Statistical Association, Journal 
(September, 1945) 40.379-380, 
by Frederick Mosteller. 


Part Ill lists books on quality con- 
trol according to author. The fol- 
lowing was selected at random to 
illustrate: 


b7 Juran, .J.M. 


Management of Inspection and 
Quality Control, Harper and 
Bros., New York, N. Y., 1945. 
Pp. 233. 


A manual for engineers, plant 


managers, plant supervisors, 
and inspection personnel 
which sets forth the techniques 
and procedures, as well as the 
basic principles of quality con- 
trol. See reviews: Mechanical 
Engineering (June, 1945) 67:- 
417; Industrial Quality Con- 
trol (July, 1945) 2, No. 1: 18- 
19 by M. A. Brumbaugh; 
American Statistical Associa- 


tion, Journal (September, 
1945) 40:395-396 by A. I. 
Peterson. 


A comparison between this work 
and other bibliographies on statis- 
tical quality control, namely, QUAL- 
ITY CONTROL REPORT No. 11 of 
the Office of Production Research 
and Development, War Production 
Board, September, 1945 and the 
bibliography which appeared in 
INDUSTRIAL QUALITY CONTROL, 
Vol. 1 Nos. 1-6, July 1944- May 
1945 reveals several omissions. 
However, this reviewer did not no- 
tice omission of any important ref- 
erence. The absence of a subject 
index will seriously curtail the value 
to students and to those, with a 
limited background in statistical 
quality control, who are seeking as- 
sistance for practical applications. 
Its greatest value will undoubtedly 
be to those who have been follow- 
ing the literature as it appeared, 
and are familiar with the type of 
contribution each author has made. 
For this group, the bibliography 
will be a handy reference—a short 
cut in research. 
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A Sampling Procedure for Design 
Tests of Electron Tubes’ 


(Sponsored by Joint Electron Tube Engineering Council) 


By S. W. Horrocks, P. M. Dickerson, H. F. Dodge, E. R. Ott, H. G. Romig (alternate 
member), W. B. Rupp, J. R. Steen, R. E. Wareham, A. K. Wright (JETEC Com- 
mittee on Sampling Procedure, May, 1945). 


The Committee on Sampling Pro- 
cedure was established on July 21, 
1943 as part of the Electron Tube 
Section of the Radio Manufactur- 
ers Association (RMA). The purpose 
of the Committee is to develop 
sampling methods and to act in an 
advisory capacity towards stand- 


ardization of Sampling Procedures 
throughout the Electron Tube in- 
dustry. This Committee was later 
embodied as a main Committee of 
the Joint Electron Tube Engineering 
Council of the RMA and NEMA. 
This Council was established in 
1945 to handle all engineering 
matters for the Electron Tube in- 
dustry for both trade associations, 
Radio Manufacturers Association 
and National Electrical Manufac- 
turers Association. 


One of the earliest projects 
handled by the Committee was the 
development of a_¥ statistically 
sound sampling inspection pro- 
cedure for so-called “design tests” 
of electron tubes. In general, de- 
sign tests relate to characteristics 
that are normally quite stable and 
are relatively less important to the 


consumer. The nature of these 


tests is such that only relatively 
small samples are practicable. The 


Joint Army-Navy Specification 


JAN-1A incorporated a sampling 


plan for design tests allowing (1) 
not more than 10% of the sample 
tubes to contain design test defects 
of any one kind and (2) not more 
than 20% of the sample tubes to 
contain design test defects of any 
kind. Because of the extremely 
wide range in lot sizes for differ- 
ent classes of electron tubes, such 
a simplified sampling plan was in 
effect too strict for small lot sizes 
and too liberal for large lot sizes. 
Moreover, no distinction was made 
in the relative seriousness of dif- 
ferent kinds of design test defects. 
The Committee accordingly set 
about to prepare a sampling in- 
spection plan that would be rela- 
tively free of these faults. The new 
procedure covers all aspects of the 
acceptance problem and provides 
an cperationally definite criterion 
for reducing inspection for a prod- 
uct whose quality is regularly well 
controlled within the intent of the 
specification. 


The procedure developed by the 
Committee was approved by J.E. 
T.E.C. (Joint Electron Tube Engineer- 
ing Council), was approved by the 
JAN Committee in September 
1945, and is reproduced in full be- 
low. It will be noted that the pro- 
cedure provides for two Accept 
able Quality Levels (AQL), namely 
6% defective and 3% defective for 
individual design test character- 
istics. Each design test of a par- 
ticular type of electron tube is 
classified as either a Standard De- 
sign Test with an AQL 5% ora 
Special Design Test with an AQL 
3%. For any design test, if prod- 
uct submitted for inspection has 
quality equal to the AQL, the 
chances of acceptance are of the 
order of 94 to 98 out of 100. If 
quality runs consistently better 
than the AQL, reduced inspection 
is permitted, thus serving as an in- 
centive for the manufacturer to 
strive for better quality. The op- 
erating characteristics of the sam- 
pling plans involved are appended 
to this article and show the degree 
to which the plans will discriminate 
for various levels for submitted 
quality. 


*“Editor’s Note The JETEC Committee on Sampling Pro 
cedure has been active also on other phases of sampling procedures 
and related quality controls as applied to electron tube manufacture 
The Committee prepared a new Acceptance Sampling Procedure for 
Production Tests After the Holding Period. It is normal procedure 
in the manufacture of electron tubes to hold the product a few days 
before final clearance as a check against slow leaks and similar 
faults. At the end of this holding period the product is then tested 
for important characteristics called Production Tests. The samp 
ling procedure developed by the Committee is based on an Accept- 
able Quality Level (AQL) of 1% and provides a Double Sampling 
plan with Normal Testing, Stricter Testing, and Reduced Testing 
The eligibility for or the loss of eligibility from these various levels 
of testing severity are determined by the process average of the pre- 
ceding lots. 


This Sampling Procedure was included 
issued by the Joint Army-Navy Electron Tube Committee. The 
JETEC Committee is currently developing a Life Tube Sampling and 
Testing Procedure to judge electron tube life 


the Inspection Manual 


NOVEMBER, 1946 19 











DESIGN TEST SAMPLING PROCEDURE: STANDARD DESIGN TESTS 


1. Standard Design Tests are 
those identified by a single aster- 
isk (*) on the tube specification 
sheets, and shall be made on a 
sample from each quantity of 
tubes of any one type submitted 
for Standard Design Test accept- 
ance at any one time (hereinafter 
called the Lot). The tube specifica- 
tion limits shall govern the accept- 
ability of each tube in the sample 
for those tests. When a limit speci- 
fied for a Standard Design Test is 
exceeded, the result is called a 
Standard Design Test “defect.” 

The acceptance of the Lot shall 
be governed by conformance cri- 
teria as described in the following 
Double Sampling Plans applied to 
each separate Standard Design 
Test. All samples shall be selected 
at random from the Lot in such a 
manner as to be representative of 
the Lot and as approved by the 
Inspector. 

The Normal Testing Plan for 
Standard Design Tests, (Table |) 
shall apply except that the Reduced 
Testing Plan (Table I!) may be used 
if eligibility for Reduced Testing is 
established. Loss of eligibility re- 
quires a return to the Normal Test- 
ing Plan. (See Eligibility Criteria 
below) 

Conformance Criteria for Table |: 

The Lot shall be ‘considered as 
conforming for an individual Test, 
if the number of defects (d,;) ob- 
served for that Test in the first 
sample (n,) does not exceed the ac- 
ceptance number for the first sam- 
ple (c,;). When d, exceeds c, but 
not the acceptance number for 
combined sample (c,), results of 
testing a second sample (nz) for the 
Test in question shall be combined 
with the results of n,. If the total 
number of defects (d; d.) ob- 
served in the combined sample (n; 

+- ne) does not exceed cy, the Lot 
shall be considered as conforming 
for that Test. 

When for an individual Test, 
either d,; or d; d». exceeds cz, the 
Lot is nonconforming for that Test. 
Such nonconformance shall be 
cause for rejection of the Lot, or at 
the option of the manufacturer, for 
testing all tubes remaining in the 
Lot for that particular Standard 
Design Test. 

Eligibility Criteria ror Reduced 
Testing 

Reduced Testing may be used for 

any Standard Design Test if, in ac- 
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TABLE |: STANDARD DESIGN TEST—NORMAL TESTING PLAN 
Lot Size, , Sample Sizes Acceptance Number 
N Exact Number of Tubes d Individual 
. Tested as a Sample = Test Defects 
No. of First Second Combined In First In Com- 
Tubes Sample Size, Sample Size, Sample Size, Sample, bined Sample, 
ny n2 nite Ci C2 
6-50 5 5 10 0 1 
51-100 7 14 21 0 2 
101-200 8 16 24 0 3 
201-500) 10 20 30 0 4 
201-500) Note a 15 15 30 1 4 
501-1000 15 25 40 1 5 
1001-2000 16 30 46 1 6 
2001-5000 18 35 53 ] 7 
5001-10,000 20 45 65 ] 8 
Over 10,000 25 50 75 1 9 


Note a This Lot size usually represents the breaking point between low and high production 
levels. Either plan may be used at the option of the manufacturer since each provides 
the same quality protection, the principal difference being the probability of second 
sampling. 

Kote b For any lot size, the manufacturer may use sample sizes and criteria specified for 


any larger lot size to simplify operational and clerical administration. 


cumulated Normal Testing results 
of first samples only from the last 
ten (10) successive Lots (irrespec- 
tive of time interval between lots), 
the computed percent defective for 
that Test does not exceed three 
percent (3.0%); the computed per- 
cent defective is the ratio, express- 
ed in percent to the nearest 
tenth of one percent, of the num- 
ber of defects (d,) for that Test in 
these first samples to the total num- 
ber of tubvs in these first samples. 
When these accumulated results 
represent less than seventy (70) 
tubes, results of additional first 
samples from immedictely preced- 
ing Lots may be included at option 
of the manufacturer, to obtain 
seventy (70) tubes or the next near- 
est multiple of the first sample size 
over seventy (70). 

Reduced Testing may continue 
for a Standard Design Test unless 


nonconformance of a Lot, as de- 
scribed below, occurs for that test. 
When such nonconformance occurs, 
Reduced Testing may be continued 
provided the computed percent de- 
fective (as defined in preceding 
paragraph) for that Test from the 
first samples of the last ten (10) 
successive Lots, including the cur- 
rent nonconforming lot, does not 
exceed six percent (6.0%). Other- 
wise, loss of eligibility occurs and 
Normal Testing shall be resumed 
for that Test until eligibility to use 
Reduced Testing is reestablished. 


In the cumulations referred to 
in the preceding paagraphs, test 
results representing an instance of 
highly defective quality, due to a 
known irregularity in manufac- 
turing or testing that has been 
isolated and corrected, may be ex- 
cluded. 


TABLE Il: STANDARD DESIGN TEST—REDUCED TESTING PLAN 
Lot Size, Sample Sizes Acceptance Number 
N Exact Number of Tubes Individual 
Tested as a Sample — Test Defects 
No. of First Second Combined In First In Com- 
Tubes Sample Size, Sample Size, Sample Size, Sample, bined Sample, 
ny Ne ni+ne Cc; Ce 
51-200 5 5 10 0 1 
201-10,000 7 14 21 0 2 
Over 10,000 8 16 24 0 3 
Note The Reduced Testing Plan does not apply to Lot Sizes of 50 or less: use Normal Test- 
ing. Table I) 
Conformance Criteria for Table Il_ ply. 


For any individual Standard De- 
sign Test on Reduced Testing the 
procedure shall follow the same 
rules as for Normal Testing except 
that the Sample Sizes and Accept- 
ance Numbers of Table I! shall ap- 


Under conditions where some in- 
dividual Tests are on Reduced Test- 
ing and others are on Normal 
Testing, the tubes to be used for 
the Reduced Testing sample shall 
be identified prior to test. 
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DESIGN TEST SAMPLING PROCEDURE: SPECIAL DESIGN TESTS 


2. Special Design Tests are those 
identified by a (symbol to be sup- 
plied) on the tube specification 
sheets, and shall be made on a 
sample from each quantity of tubes 
of any one type submitted for 
Special Design Test acceptance at 
any one time (hereinafter called 
the Lot). The tube specification 
limits shall govern the acceptability 
of each tube in the sample for 
those tests. When a limit specified 
for a Special Design Test is ex- 
ceeded, the result is called a 
Special Design Test “defect.” 

The acceptance of the Lot shall 
be governed by conformance cri- 
teria as described in the following 
Double Sampling Plans applied to 
each separate Special Design Test. 
All samples shall be selected at 
random from the Lot in such man- 
ner as to be representative of the 
Lot and as approved by the In- 


spector. 
The Normal Testing Plan for 
Special Design Tests (Table Ill) 


shall apply except that the Reduced 
Testing Plan (Table IV) may be 
used if eligibility for Reduced 
Testing is established. Loss of 
eligibility requires a return to the 
Normal Testing Plan. (See Eligibil- 
ity Criteria below) 


Conformance Criteria for Table Ill 

The Lot shall be considered as 
conforming for an individual Test, 
if the number of defects (d;) ob- 
served for that Test in the first sam- 
ple (n,;) does not exceed the ac- 
ceptance number for the first sam- 
ple (c,). When d,; exceeds c; but 
not the acceptance number for 
combined sample (cz), results of 
testing a second sample (ny) for 
the Test in question shall be com- 


bined with the results of n,. If the 
total number of defects (d; + ds») 
observed in the combined sample 
(n; + ne) does not exceed cy, the 


Lot shall be considered as con- 
forming for that test. 

When for an individual Test, 
either d, or d; d. exceeds Co, 
the Lot is non-conforming for that 
Test. Such nonconformance shall 
be cause for rejection of the Lot, 
or at the option of the manufact- 
urer, for testing all tubes remain- 
ing in the Lot for that particular 
Special Design Test. 

Eligibility Criteria for Reduced Test- 
ing 

Reduced Testing may be used for 
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TABLE Ill: SPECIAL DESIGN TEST—NORMAL TESTING PLAN 
t Size Sample Sizes Acceptance Number 
Nn Exact Number of Tubes Individual 
Tested as a Sample Test Defect 
‘ First Second Combined In First In Com- 
Tubes Sample Size Sample Size Sample Size Sample, bined Sample 
ny No Ni + Ne Ci Cy» 
6-50 5 10 15 0 ] 
51-100 7 14 21 0 ] 
101-200 8 16 24 0 2 
201-500) 10 20 30 0 2 
201-500) Notea 15 15 30 ] 2 
501-1000 15 25 40 } 3 
1001-2000 16 30 46 ] 3 
2001-5000 18 35 53 1 4 
5001-10,000 20 45 65 | 4 
Over 10,000 25 50 75 1 5 
Note a This Lot size usually represents the breaking point between w and high production 
levels Either plan may be used at the option of the manufacturer since each pro 
vides the same quality protectior the principal difference being the probability of 
second sampling 
Note b For any lot size, the manufacturer may use sample sizes and criteria specified for 
any larger lot size to simplify operational and clerical administration 


any Special Design Test if, in ac- 
cumulated Normal Testing results 
of first samples only from the last 
ten (10) successive Lots (irrespective 
of time interval between Lots), the 
computed percent defective for 
that Test does not exceed one and 
one-half percent (1.5%); the com- 
puted percent defective is the ratio, 
expressed in percent to the nearest 
tenth of one percent, of the number 
of defects (d,) for that Test in these 
first samples to the total number of 
tubes in these first samples. When 
these accumulated results represent 
less than seventy (70) tubes, results 
of additional first samples from 
immediately preceding Lots may 
be included at option of the manu- 
facturer, to obtain seventy (70) 
tubes or the next nearest multiple 
of the first sample size over seven- 
ty (70). 

Reduced Testing may continue 
for a Special Design Test unless 


TABLE IV: 
I Size 
. Exact Number 
No. of First Second 
Tubes Sample Size Sample Size 
51-200 5 10 
201-10,000 7 14 
Over 10,000 8 16 
Note The Reduced Testing Plan does not apply 
ing (Table III) 


Conformance Criteria for Table IV 

For any individual Special Design 
Test on Reduced Testing the pro- 
cedure shall follow the same rules 
as for Normal Testing except that 
the Sample Sizes and Acceptance 
Numbers of Table IV shall apply. 


nonconformance of a Lot, as de- 
scribed below, occurs for that test 
When such nonconformunce oc- 
curs, Reduced Testing may be con 
tinued provided the computed per 
cent defective (as defined in pre 
ceding paragraph) for that Test 
from the first samples of the last 
ten (10) successive Lots, including 
the current nonconforming Lot, does 
not exceed three percent (3.0%) 
Otherwise, loss of eligibility occurs 
and Normal Testing shall be re- 
sumed for that Test until eligibility 
to use Reduced Testing is estab 
lished. 


In the cumulations referred to in 
the preceding paragraphs, test re 
sults representing an instance of 
highly defective quality, due to a 
known irregularity in manufact- 
uring or testing that has been iso- 
lated and corrected, may be ex- 


cluded. 


SPECIAL DESIGN TEST—REDUCED TESTING PLAN 
Sample Sizes Ac 


of Tubes Indivic 
Tested as a Sample Teat De 


eptance Number 


fual 
fects 


Combined In First In Com- 
Sample Size Sample, bined Sample 
Ni + Ne Cc; Ce 
15 0 ] 
21 0 ] 
24 0 2 
to Lot Sizes of 60 or less is rmal Tes 
Under conditions where some 
Individual Tests are on Reduced 


Testing and others are on Normal 
Testing, the tubes to be used for 
the Reduced Testing sample shall 
be identified prior to test 
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APPENDIX 


The following charts show the operating charac- 


teristics, i.e. probability of acceptance curves, for the 


various sampling plans involved in the over-all sam- 


pling procedure. 


On the charts are shown two ad- 


ditional curves, one indicating the Average Outgo- 


ing Quality (AOQ) and the other the probability of 


taking a second sample as a function of the value of 


Fraction Defective in Submitted 


Product (p). 


These 


charts will be found useful in the evaluation of the 


over-all sampling procedure. 
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Estimation of Optimum Sample Size in 
Destructive Testing by Attributes 


JOSEPH MANDELSON 


CHEMICAL WARFARE SERVICE, EDGEWOOD ARSENAL, MARYLAND 


Every manufacturing operation 
produces some proportion of ma- 
terial which does not conform with 
the specification requirements de- 
fining an acceptable product. The 
proportion of defective items in the 
product may be determined by 
testing each item in the lot. Such 
100-per cent inspection is usually 
unnecessary or undesirable and 


frequently impossible, as in the 
case of destructive testing. 
Absolute certainty as to the 


quality of a given lot of product 
can result only from 100-per cent 
inspection. Anything less than 
total inspection will yield less-than- 
certain information regarding the 
quality of product. Where 100-per 
cent testing can be or must be 
avoided, it is necessary to resort 
to testing samples representative 
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of the manufactured product. How- 
ever, a sample almost invariably 
differs from the quality of the lot 
from which it was taken. The 
smaller the sample the more un- 
certain is the estimate of the true 
quality of the lot.' 

Within certain limits, uncertainty 
as to the true quality of a lot can 
be tolerated, that is, it is usually 
not important to know the exact 
percentage of defectives in a lot, 
an approximation being sufficient. 
The limits to be set on the degree 
of approximation are governed by 
the grade of product made by the 
manufacturer and by the grade 
desired by the purchaser. The more 
perfect the product, the more ex- 
pensive it is to make—a fact recog- 
nized by both producer and pur- 
chaser. Hence the puchaser expects 


a certain proportion cf defective 
material. A sampling scheme must 
be devised which will xeep testing 
ata minimum while insuring, with- 
in limits, that a certain proportion 
of defectives is not exceeded. 

The phrase “within limits” may 
be explained as follows. When a 
sampling system is introduced in a 
specification, a certain number of 
items must be inspected, and not 
more than a stated number of de- 
fectives will be tolerated. Due to 
sampling fluctuations, a certain 
probability exists that a good lot 
may be rejected and, likewise, a 
probability exists that a poor lot 
may be accepted. When the sam- 
ple size, permissible number of 
defectives, and the greatest toler- 
able per cent defective are assign- 
ed, the probabilities of acceptance 
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or rejection of lots of any given 
quality may be calculated. 

Interested parties, then, must 
strike a balance between two 
major opposing factors. First, they 
must decide how much uncertainty 
they care to tolerate in estimating 
the quality of product. Second, the 
cost of inspection must be reduced 
to a practicable minimum. But to 
reduce uncertainty, the sample 
size must be large; to reduce in- 
spection costs, the sample size must 
be small. It is possible to achieve 
an equilibrium between these fac- 
tors by recognizing that uncertain- 
ty of estimation of lot quality rep- 
resents a definite cost factor. 

When testing is non-destructive, 
the Dodge-Romig Lot Tolerance Per 
Cent Defective tables require 100- 
per cent inspection of the lot when- 
ever the sample shows more than 
the allowable number of defectives. 
Consequently, when a good lot is 
rejected, due to the calculable 
probability of taking an unfavor- 
able sample, the total amount of 
inspection is greatly increased. It 
is therefore important and prac- 
ticable to compute the optimum 
sample size which will reduce to a 
minimum the total testing done, 
both on the samples and in detailed 
inspection of rejected lots.” 

In destructive testing, or in non- 
destructive tests where the cost of 
100-per cent inspection of rejected 
lots is prohibitive, the disposition 
of lots is decided on the basis of 
the sample alone. Nevertheless, it 
is possible to compute an optimum 
sample size which will reduce to a 
minimum the total cost, not only 
of the samples and testing, but also 
lots, many or all of which may be 
good lots, that happen to yield un- 
favorable samples. 

It will be helpful to use an ex- 
ample to indicate how this may be 
accomplished. It is found that a 
given product can be used eco- 
nomically provided not over 7 per 
cent of the product is defective. 
The test to determine if the item 
is defective is destructive, pre- 
cluding the possibility of 100-per 
cent testing of a rejected lot. (These 
considerations would also apply to 
a lot consisting of items of such 
low value that the cost of 100-per 
cent inspection, even non-destruc- 
tive testing, would be prohibitive 
in relation to the total value of the 
lot.) The prospective purchaser 
agrees to accept the product under 
a sampling scheme such that he 
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would take only one chance in ten 
(Consumer's Risk — 0.1) of accept- 
ing lots which contain 7 per cent of 
defective material. In other words, 
the purchaser, realizing that the 
certainty bred of 100-per cent test- 
ing is impossible in this case, is 
willing to take a calculated risk 
(one chance in ten) of accepting a 
lot containing 7 per cent defective 
(Lot Tolerance Per cent Defective). 
He requires that a sampling system 
be set up such that the acceptance 
requirements for a given sample 
size will be met not oftener than 
one time in ten by a lot containing 
the lot tolerance per cent defective. 
Suitable tables and charts have 
been prepared *, *, * from which 
the relationship between the prob- 
ability of occurrence of c defec- 
tives, the sample size, n, and the 
lot tolerance fraction defective, p,, 
may be determined. In this par- 
ticular example, p; has been set 
at .07 (corresponding to 7 per cent 
defective), and the probability of 
finding c or less defectives in 
a sample of n (Consumer's Risk 
or the probability of accepting 
material of tolerance quality) has 
been set at .10. In the chart” 
with p, .07, the number n, 
in the sample may be computed 
for each of the several pn 
numbers corresponding to the re- 
lated ¢ numbers. When these fig- 
ures are tabulated, as in Table |, 
the result is a series of sample 
sizes, n, and corresponding allow- 
able numbers of defectives, ¢, such 
that the probability is .10 (one 
chance in ten) of accepting lots of 
tolerance quality. 
Table |: Values of pin and n 
Obtained from the Poisson Chart 
or Tables When p, .07 
prin n 


ln 





114 
133 
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Note: These values are based on the Poisson 
Exponential, a suitable approximation for 
computing the Consumer's Risk when p does 
not exceed .10 and when the sample is not 
over 10 per cent of the lot. (See Reference 
2, page 43.) 


Insofar as the purchaser is con- 
cerned, any set of n and ¢ numbers 
given in Table | will afford the de- 
sired protection against acceptance 
of lots of tolerance quality (p, 
.07). It remains to decide which of 
the several sets of n and c numbers 
shall be specified. It might be 
thought that, since a sample of 
33 items will afford the purchaser 
the same protection as will a sam- 
ple of 56 or 76, the smaller sized 
sample should be taken for test 
It must be borne in mind, though, 
that the n and c sets in Table | 
protect the purchaser against lots 
of quality, p, .07, only. If the 
manufacturer submits lots of toler- 
ance quality, only one in every ten 
such lots will be accepted by the 
purchaser. Obviously the manu- 
facturer must submit lots of a qual- 
ity considerably better than toler- 
ance quality to stay in business 
However, the probability that a lot 
of given quality will pass the re- 
quirements established by any set 
of n and ¢ given in Table | will 
depend upon the quality of the lot 
Even if the quality is much better 
than tolerance quality (p, 07), 
the manufacturer takes a certain 
risk that his product may be re- 
jected occasionally due to misrep- 
resentation of the lot by a small 
sample. For this reason, the small- 
er sample may result in a penny- 
wise, pound-foolish specification 


Suppose the manufacturer, over 
a period of time, has produced ma- 
terial containing an average of 2 
per cent defective. This is called 
the Process Average. The prob- 
ability that a lot produced by such 


a process will be rejected is 
called the Producer's Risk, P,, 
and is equal to 1 P., where P,, 


the probability of acceptance, is 
the probability of finding ¢ or less 
defectives in a sample of n from 
the lot whose quality may be rep 
resented by p, the Process Average 
Fraction Defective. It is important 
to recognize that the Producer's 
Risk represents a definite cost fac- 
tor because it represents the 
chance of having an ac-eptable lot 
rejected, resulting in loss to the 
manufacturer. 


To decrease the Producer's Risk 
it is necessary to increase the 
sample size, which will raise the 
cost of testing. It is necessary, 
therefore, to ascertain which of the 
paired n and c numbers, given in 
Table |, will reduce to a minimum 
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TABLE I! 


the sum of the inspection cost and 





the calculable cost due to the Pro- } is pn Pp pP Nn N Cc Cc, Total 
's Risk. Sian ae eal 7 

waar _ 15 tached 0 33 066 O51 0.49 4967 2434 $4868 $ 495 $5363 
. eac et costs $15, including ' 12’ (68 31 4944 1533 3066 840 3906 
the cost of the sample destroyed, 2 7% 1.92 80 .20 4924 985 1970 1140 3110 
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tests may be computed for sample 4 114 2.28 919 081 4886 396 792° 1710 ~=—-.2502 
ao ie Pin a tk the lees eve to 5 133 2.66 946 054 4867 263 $26 1995 = 2521 

© COSTS Se, © © Nanay 6. 150 3.00 .966 034 4850 165 330 2250 2580 
to know the size of the lot and the 7 169 3.38 978 022 4831 106 212 2535 2747 
— rd ra — ‘! ony 8 186 3.72 .986 014 4814 67 134 2790 2924 
° dhe 9 oo Sey oe “ “ Maem 9 203 4.06 9911 0089 4797 43 86 3045 3131 
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of N 5000 and an estimated 


salvage value of $3 on a $5 item. Obtained from the chart, Reference 2; or tables, Reference 3. 


In Table Il, the columns headed by 
n and ¢ are taken from Table | 
and represent the related sample 
sizes and allowable number of de- 
fectives corresponding to a lot tol- 
erance fraction defective of p, 

.07 and a Consumer's Risk 10. 
The process average fraction defec- 


tive, p .02, is multiplied by each 
n to give pn. The same chart or 
table used in computing Table | 
will give P,, the probability of ac- 


ceptance (finding ¢ or less defects) 


for each pair of ¢ and pn numbers. 
The probability of rejecting a lot, 
or Producer's Risk, Pp, is equal to 
1—P,. N—n gives the number of 
items in the lot which are not used 
in testing and which are subject to 
acceptance or rejection. The prod- 
uct of (N—n) by Pp gives Nr which 
represents the number of items 
which may be rejected, in the long 
run, due to unfavorable misrepre- 
sentation of the lot by the sample. 
lf the item is worth $5, with sal- 


sizes. The lowest cost corresponds 
to the sample size of 114, allowing 
not more than 4 defectives. Except 
for lots of very low process aver- 
age fraction defective (high qual- 
ity), it will’ be found that the opti- 
mum sample size will be other than 
the smallest. 

From the example given, it is 
clearly false economy to set up test 
procedures on the premise that the 
smaller the sample size, the less 
the cost. This is true with respect 
to the cost of inspection, but there 
may be a much larger cost in- 
volved, either to the producer in 
the form of rejected lots or in ser- 
vice costs, or to the consumer in 
terms of poor-quality goods or in 
inconvenience due to failure. It 
may be argued that many of the 
quantities, assumed in the example 
given, are not usually known with 
accuracy, but it will be found that 
any reasonable, intelligent esti- 
mate of the factors involved will 


100-per cent testing is impossible, 
as in destructive testing, or imprac- 
ticable, when the cost of 100-per 
cent inspection, relative to the 
value of the lot, is prohibitive. An 
example is given covering a single- 
sampling system. A double-sam- 
pling scheme which allows a re- 
test if the first sample fails, 
although more complex, may be 
computed by a parallel procedure. 
Or again, a multiple or sequential” 
scheme which permits many sam- 
ples before a decision is reached 
can be subjected to the same treat- 
ment. It is shown that when the 
producer or the consumer takes ad- 
vantage of pertinent manufact- 
uring data (e.g., the process aver- 
age fraction defective, cost per 
item, salvage value, etc.), sound, 
economical sampling systems can 
be established which will effect 
substantial savings as well as a 
more uniformly regulated product. 


vage value of $3, then the esti- oe REFERENCES— 
mated cost of rejection, Cr, is ($5 be sufficient for the purpose. Asa 1. “An Engineers’ Manual of Statistical 
The sum of protection for both producer and Methods,” Col. Leslie E. Simon, John 


$3) multiplied by Nr 
the corresponding costs of testing, 
(C,) and of rejection, (Cr), gives 
the total anticipated cost per lot of 
the sampling system represented by 
the corresponding n and ¢ num- 
bers. 

It is noteworthy that, up to c 
10, the highest total cost is associ- 
ated with the two smallest sample 


consumer, it is to their mutual ad- 
vantage to devise adequate sam- 
pling systems designed to reduce 
the total cost of inspection and re- 
jection to a practicable minimum. 


SUMMARY. A method is pre- 
sented for computing the optimum 
sample size in inspection (Lot Tol- 
erance per cent Defective) where 


Wiley and Sons (1942). 


2. “Sampling Inspection Tabies,” Harold F. 
ge and Harry G. Romig, (Cumulative 
probability curves — Poisson exponential, 
facing p.44), John Wiley and Sons (1944). 


3. “Poisson’s Exponential Binomial Limit,” 
E. C. Molina, D. Van Nostrand Company 
1942). 


4. “Table of the Incomplete B-Function,” 
Karl Pearson, “Biometrika,”’ London. 


5S. “Sequential Sampling Inspection for At- 
tributes,” H. Freeman, “Industrial 
Quality Control,”’ September 1945, pp.3-7. 


LOCAL SOCIETY REPORTS 


Ohio Quality Control Society 

The first meeting of the 1946- 
1947 season was held at the Cleve- 
land Engineering Society, Friday, 
September 27, 1946. An informal 
dinner preceded the business meet- 
ing. The guest speaker, Mr. Fred- 
erick J. Halton, Jr., presented the 
subject “How Quality Control is 
Presented to Top Management.” 


26 


The President of the Society an- 
nounced that meetings have been 
scheduled for the second Friday of 
each month and that these meet- 
ings will be held at the Cleveland 
Engineering Society in Cleveland. 
It was also announced that Profes- 
sor D. K. Wright, Jr., has completed 
an educational program for use in 
conjunction with the Ohio Quality 


Control Society. Educational meet- 
ings will be held once a month, 
probably on a date midway be- 
tween the scheduled meetings. 
American Society for Quality Con- 
trol Georcia Section 

The Atlanta Quality Control So- 
ciety met on October 11 at the 
Georgia School of Technology. Dr. 
Ralph Hefner, Dean of General 
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Studies, gave a paper on “Sequen- 
tial Sampling.” 

At the business meeting, a Con- 
stitution was adopted and the 
name for this group changed to 
“American Society for Quality Con- 
trol-Georgia Section.” 

At the dinner session, Mr. W. E. 
Crooks of the Celanese Corporation 
of America, Tubize Division, gave a 
talk on “Some Management Notes 
on Quality Control.” 


Philadelphia Chapter American 
Society for Quality Control 


“Quality Control in Spring Man- 
ufacture” was the subject of Mr. 
F. C. Schulze’s talk on September 
20. A typical control chart pro- 
cedure as used by Hunter Pressed 
Steel Company provides for taking 
five springs at 15 minute inter- 
vals and plotting results of a load 
test. After heat-treatment, another 
set of samples is taken and results 
plotted on another chart. A sample 
of five springs each hour is taken 
at the point of 100% inspection. 
Finally, before packing, a fre- 
quency distribution of 100 springs 
is made from each box. 

Control chart plotting is expe- 
dited by the use of an adding ma- 
chine. After the order, part num- 
ber, date, time, and inspector's 
clock number are recorded on the 
tape as non-add numbers, the five 
observed values of a group are re- 
corded and a sub-total registered. 
This sub-total is entered in the ma- 
chine again and the grand total 
recorded. The average is then ob- 
tained by moving the decimal one 
place to the left. The maximum 
of the five values is then recorded 
and the minimum subtracted giv- 
ing the range. This procedure is 
followed for each group. The tape 
then forms a permanent record. 

Future meetings have been 
scheduled as follows: December 
13, Applications of Quality Control 
by Statistical Methods, William J. 
Masser, General Electric Company; 
January 16, The Significance of 
Modern Quality Control to Man- 
agement, A. |. Peterson, Manager, 
Quality Control Department, R. C. 
A.; February 21, The Difference 
Control Chart with an Example of 
its Use, Major Frank E. Grubbs, 
Aberdeen Proving Ground. 


Milwaukee Society for Quality 
Control 


The first regular meeting of the 
fall was held September 9, 1946, 
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at the Red Arrow Club, Milwaukee, 
Wisconsin. 

Mr. Frederick J. Halton, Jr., As- 
sistant to the President, John Deere 
and Company, spoke on the sub- 
ject, “Introducing Quality Control 
to Management.” He covered such 
items as chance distribution, limits 
for control charts and their appli- 
cation in controlling quality. He 
cited numerous examples of saving 
effected by controlling quality dur- 
ing the manufacturing cycle and 
suggested the value of control chart 
techniques in other than manufac- 
turing operations. 

“A Training Program for Quality 
Control Personnel” was the subject 
of the October 14 meeting at the 
Red Arrow Club. Mr. Henry Beck- 
er, a member of the Chicago So- 
ciety for Quality Control, was the 
speaker. 


The Delaware Quality Control 
Society 
At the September 5 meeting, Mr. 
W. L. MacKinnon presented a brief 
discussion of an approximate em- 
pirical formula for a factor to be 
used in estimating the standard de- 


viation 
§ = 2(x-xX)? 
Yon 


frorn R. The equation is sy. —=R.f., 
where f—(n+-3)/4n. Use of this 
formula with actual data for n 
varying from 3 to 6 produced esti- 
mates whose deviations from s 
averaged only 1 per cent, and the 
greatest deviation of a_ single 
estimate was 9 per cent. It is be- 
lieved that the equation is valid up 
to n= 10 and since it is simple to 
use and easy to remember, it is 
recommended as a short cut method 
for calculating s in samples of less 
than 10. It should be emphasized 
that the equation is to be used only 
for estimating s as defined above. 


At the October 3 meeting, Mr. 
Daniel Wray, Quality Control 
Analyst for SKF, gave an extremely 
interesting talk on the application 
of quality control methods to the 
manufacture of bearings at SKF. 
He discussed their experience with 
sequential sampling and mentioned 
their method of dealing with in- 
spector inconsistencies. He empha- 
sized the fact that commercial tol- 
erances set too tightly may be as 
bad as tolerances that are too 
loose, due to excess amount of 
scrap and, even more important, 
due to the eventual loss of confi- 


dence, by the production men, in 
the principles of quality control. 


Society for Quality Control 
Northeastern Indiana 

The meetings of the Society will 
be held the second Wednesday of 
each month. At the September 11 
meeting, Mr. Harry B. Marsh spoke 
on “The Use of Statistics in Forecast- 
ing Market Demand.” At the Octo- 
ber 9 meeting, Mr. Charles A. Bick- 
ing, Hercules Powder, spoke on 
“Quality Control in the Chemical 
Industry.” The November 13 meet 
ing will be held at the-plant of the 
International Harvester Company 

The Society is sponsoring a Be- 
ginners Course in Quality Control 
conducted by Mr. Keith E. Ross, 
General Electric Company. 


Society for Statistical Quality Con- 
trol—Metropolitan New York Section 


Mr. A. |. Peterson was Chairman 
of the October 22 meeting at which 
Mr. W. R. Pabst, Bureau of Ord 
nance, Navy Department, Wash 
ington, D. C., presented “Installing 
Quality Control at a Navy Estab- 
lishment,” and Mr. W. A. Bradof, 
R. C. A. Victor Division, Harrison, 
New Jersey, presented “Examples 
of Quality Control in Electron-Tube 
Manufacturing.” 

Mr. A. G. Ashcroft, Alexander 
Smith and Sons Carpet Company, 
was Chairman of the November 22 
meeting at the Engineering Build- 
ing in New York. The following 
program was presented: Mr. John 
C. Hintermaier, Vanity Fair Mills, 
“Process Control in Textiles;’ Mr 
Fred Noechel, Botany Worsted Mills, 
“Statistical Quality Control Meth- 
ods as Used in the Textile Industry;” 
Mr. Harry Schoenfelder, Philadel 
phia Q@.M.C., “Inspection of Tex 
tiles;’ Mr. David Schwartz, New 
York Q.M.C., “Inspection of Fabri 
cated Textile Items.” 

At the next meeting at the 
Robert Treat Hotel, Newark, De 
cember 13, Professor S. S. Wilks, 
Princeton University, will speak on 
“Research and Training for Indus 
trial Statistics.” The following day, 
Saturday, December 14, a joint 
meeting of the Delaware, Philadel 
phia, and Metropolitan Sections 
will be held at Princeton. The ses- 
sion begins at 9:45 A.M. with a 
welcoming address by Dean Ken- 
neth H. Condit, Princeton School of 
Engineering, after which two par- 
allel sessions will be held; one de- 
voted to “Analysis of Variance” and 
the other to “Process Control.” Mr. 
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George D. Edwards, Bell Labora- 
tories, President of the American 
Society for Quality Control, will ad- 
dress the luncheon meeting on 
“General Aspects of Quality Con- 
trol.” At the afternoon session, 
Mr. G. F. Smith, Johnson and John- 
son, will present “Management's 
Viewpoint of Quality Control.” 
Saint Lovis Chapter American 
Society for Quality Control 


Believing that other Society sec- 
tions might be interested in gain- 
ing something from the develop- 
ment problems of the St. Louis So- 
ciety, the secretary reports the fol- 
lowing. Various committees have 
been organized during the summer 
months. An attempt was made to 
place every member on some com- 
mittee. The results indicate a close- 
ly knit organization. Our member- 
ship now has reached 38 without 
an active drive. Twenty-two pros- 
pective members attended our Sep- 
tember meeting. Professor Lloyd 
Knowler of lowa State University 
spoke on “Fundamentals of Qual- 
ity Control.” The program for the 
year is being worked out to have an 
outside speaker at every other 
meeting. The intervening meet- 
ings will consist of two or three 
short talks on problems by mem- 
bers with the remaining part of the 
meeting used for cross discussion 


AMERICAN SOCIETY 


Advisory Council Announced 
Announcement is made of the 
composition of the Advisory Coun- 
cil of the American Society for 
Quality Control, as follows: 
Dr. E. U. Condon 
Director, Bureau of Standards 
U. S. Department of Commerce, 
Washington, D. C. 
Mr. M. Herbert Eisenhart 
President, Bausch & Lomb Optical 
Co., Rochester, N. Y. 
Brigadier General Hermon F. Saf- 
ford 
Executive Vice-President, Ohio 
Rubber Co., Willoughby, Ohio 
Dr. Walter A. Shewhart 
Member of Technical Staff, Bell 
Telephone Laboratories, In- 
corporated, Murray Hill, N. J. 
Colonel Charles Deere Wiman 
President, Deere & Co., Chicago 
Committee on Programs and 
Speakers Completed 
Appointment of the following 
Committee on Programs and 
Speakers is announced: 
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by all present. General interest in 
the profession and the Society is 
gaining rapidly in this section, be- 
cause of our attack and eagerness 
to present the true beneficial feat- 
ures of Quality Control. We are 
building this section as we would 
a Quality Control program in a 
plant. With this in mind we are 
refraining at this time from any 
great amount of the = statistical 
theory of the subject. We are also 
attempting to guide our activities 
so that all phases of Quality Con- 
trol are presented—this covers not 
only the statistical approach, but 
also gages, instruments, tools, in- 
spection methods and procedures. 
Chicago Society for Quality Control 


At the September 11 meeting, 
Mr. D. P. Walsh, Manager of the 
Detroit office of Magnaflux Corpo- 
ration, spoke on the “Use of Mag- 
naflux Testing.” Mr. Walsh’s talk 
covered both magnetic particle and 
fluorescent penetrant inspection of 
piece parts, sub-assemblies, and 
finished product for surface or sub- 
surface defects. The meeting was 
attended by 95 members and 
guests. 

The annual election of officers 
(conducted by mailed ballot) was 
announced at this meeting. The 
new officers are: President, E. H. 
Robinson, Johnson and Johnson; 


Vice-President and General 
Chairman: 

A. lL. Peterson 
Executive Chairman: 

Frank A. Palumbo 


New England: 
Gerald H. Cassady, 
Regional Chairman 
George J. Meyers, Jr. 
Joseph J. Ferri 
Middle Atlantic: 
Edward M. Schrock, 
Regional Chairman 
Charles A. Bicking 
Harry G. Romig 
Northern: 
Robert Funk, Regional Chairman 
Louis F. Surridge 
James A. Tilton 
1. C. Kepner 
Richard W. S. Freeman 
Central: 
Charles V. Kiimas, 
Regional Chairman 
L. C. Sheehan 
Wade R. Weaver 


Vice-President, A. G. Brooks, West- 
ern Electric Company; Correspond- 
ing Secretary, H. L. Jones, Illinois 
Bell Telephone Company; Recording 
Secretary, H. R. Kellogg, Western 
Electric Company; Treasurer, Fred 
Trowbridge, Electrical Research La- 
boratories; Member of the Board of 
Directors (two year term), F. J. Hal- 
ton, Jr., Deere and Company. 

Plans are in progress for recom- 
mending Constitutional changes 
which, if adopted, will bring the 
Society’s fiscal year in agreement 
with that of the American Society. 
Also under consideration is an 
amendment which will make mem- 
bership in the American Society 
compulsory for all members of the 
Chicago Society. 

The Society is giving a series of 
ten monthly lectures on “Statistical 
Methods for Quality Control En- 
gineers.” The first lecture on “Fun- 
damentals of Statistical Analysis, 
Measurement of Dispersion and 
Central Tendencies,” was given 
September 18 by Mr. H. R. Kellogg, 
and was attended by 150 persons, 
most of whom were not members 
of the Society. This attendance 
was maintained at the October 16 
meeting when Mr. Fred Trowbridge 
dealt with “Frequency Curves, Ac- 
curacy of Measurement, and Meth- 
ods of Collecting Data.” 


NEWS 


Midwest: 
Wayne M. Bicklen, 

Regional Chairman 

Charles W. Richard 

Frank Pettit 

William E. Gibbons 

Cc. W. Lentfoehr 

R. D. Long 

J. L. Johnson 

L. S. Kauffman 
Western: 

Dr. Hoibrook Working, 

General Chairman 
Committee on Relations With Other 
Technical Societies Completed 

Appointment of the following 
Committee On Relations With Other 
Technical Societies is announced: 
Vice-Pres. and General Chairman: 

Andrew |. Peterson 
Executive Chairman: 

Harold F. Dodge 
New England: 

Joseph J. Ferri, 

Regional Chairman 

L. A. Seder 

R. K. Hellman 
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Middle Atlantic: 
Dr. T. Smith Taylor, 
Regional Chairman 
Dr. E. V. Lewis 
Charles R. Scott, Jr. 


Northern: 
Ralph H. Houghton, 
Regional Chairman 
J. R. Steen 
Fred C. Nielson 
J. P. Prosch 
Bernard H. Lloyd 
Central: 
Earl W. Mahaney, 
Regional Chairman 
J. W. Allquist 
R. G. Kennedy, Jr. 


Midwest: 
A. R. Burgess, 
Regional Chairman 
Warren E. Jones 
Carl M. Noble 
Carl G. Schmid 
Wayne M. Bicklen 
E. G. Kressin 
M. C. Orchard 
Niles Barnard 
Western: 
Dr. Preston C. Hammer, 
Regional Chairman 


Changes in General Committees 

The following changes and cor- 
rections have been made in the 
rosters of the General Committees 
as announced in the September, 
1946 issue: 


Committee on Publicity and 
Public Relations 


Northern: 

L. C. Tackley (addition) 
Central: 

James K. Kinkead (correction) 
Midwest: 


A. E. Bennett (correction) 
Committee on Membership 
Northern: 

Benjamin Friedland (addition) 
Committee on Relations with 
Educational Institutions 
Northern: 

George |. 


Basile (addition 


Joint Meeting with American 

Institute of Electrical Engineers 

The American Society for Qual 
ity Control has accepted an invita 
tion from the American 
of Electrical Engineers to partici 
pate in a joint quality control con 
ference of the Society and the In 
stitute, to be held in connection 
with the Winter Convention of the 


Institute 


Institute at the Engineering Society's 
Building in New York City during 
the week beginning 27 January, 
1947 


NOVEMBER, 1946 


ADVANCE NOTICE 


First Annual Convention 


American Society for Quality Control 
and 
Second Midwest Quality Control Conference 


Sherman Hotel, Chicago 


Illinois 


Thursday and Friday, June 5 and 6, 1947 


Tentative Program 


June 5 Morning 


Noon 


Afternoon 


Evening 


June 6 Morning 


Noon 


Afternoon 


A meeting of the Board of Direc- 
tors of the American Society for 
Quality Control be held in 
Chicago sometime during, or im- 
mediately following the conclusion 
of, the Convention, possibly on 
Saturday, June 7th. 

The program of Clinics will place 
special emphasis on actual case 
histories of quality control appli 
cations in a wide variety of in- 
dustries 

For the benefit of the wives and 
other lady members of the families 
of Society members, who may wish 
to accompany them to Chicago, a 
special program for the entertain 
ment of ladies is being arranged 


will 


Technical Papers 

Each local Section is being asked, 
through its representative on the 
American Society Committee 
Programs and Speakers, to suggest 
a subject on which a member of 
that Section would be willing to 
present ao paper at one of the 
Such suggestions should be 


on 


clinics 
sent to the Program Chairman, Mr 
Frank A. Palumbo, at the address 
given as early as possible 


In choosing 


below 
suggested papers 


the Program Com 


for acceptance 


Registration 

Clinics 

Joint Luncheon with Chicago 
Association of Commerce 

Clinics 

Annual Dinner of American Society 
for Quality Control 

Clinics 

Luncheon to be arranged 


Clinics 


mittee will give preference to act 


val case histories of quality con 


trol applications 


Exhibit Space 
Space 


will be available 


for 


61 exhibitors, and will be assigned 
in the order in which applications 
are received. It is hence suggested 
that inquiries for 
dressed as early as possible to the 


Exhibits Chairman, Mr Henry J 


space be ad 


Becker, at the address given below 


Reservations 


Restricted accommodations 


will 


limit reservations for the luncheons 


1090 


concurre 


and Annual Dinner to 
accommodations for 


clinics may approximate 1500 


Total 


nt 


On 


the basis of experience at the First 


Midwest Quality Control Confe 
ence in 1946, requests for reseryv 


tions at the luncheons and dinn 


af 


a 


will exceed the accommodations 
available. This may also be true 
of certain of the Clinics Reserva 
tions should accordingly be made 


as early as possible 
addre: 
to the General Secretary, Mr. He 
old R. Kellogg, at the addres: 


below 


reservations should be 


Convention Committee Directory 


General Chairman 


General Secretar y 


mimued 


E D Thompson 
Fansteel Metallurgical 
2200 Sheridan Road 
North Chicago, Illinois 


4 orporat or 


Harold Kellogg 
P.O. Box No. 1097 
Chicago 90, Illinois 


Inauiries and 


ed 


ir 


g yen 








Arrangements Chairman: 


Exhibits Chairman 


Financial Chairman 


Proceedings Chairman: 


Program Chairman 


Publicity Chairman 


Reception Chairmar 


Registration Chairman 


C. W. Richard 

Johnson and Johnson 
4949 West 65th Street 
Chicago 38, Illinois 
Henry J. Becker 

American Steel and Wire Co. 
Waukegan, Illinois 

Fred Trowbridge 

Sentinel Radio Corporation 
Evanston, Illinois 

Mason E. Wescott 
Northwestern University 
Evanston, Illinois 

Frank J. Palumbo 
Palumbo and Associates 
855 Board of Trade Bidg. 
141 West Jackson Blvd. 
Chicago 4, Illinois 

E. H. Robinson 

Johnson and Johnson 
4949 West 65th Street 
Chicago 38, Illinois 

Lloyd A. Knowler 
University of lowa 

lowa City, lowa 

Arthur Bender 
Delco-Remy Division 
General Motors Corporation 
Anderson, Indiana 





THE NEW 


Go” inspection. 


tical methods. 


Bloomfield, Conn. 





THE NEW (indicating) 
“ANALY ZER-CLASSIFIER”—For 
(a) Analyzing screw-thread elements, (b) Classifying for 


EXTERNAL SCREW-THREAD 
QUALITY CONTROL 


“RING-SNAP” (limit) Gage—For positive “Go and Not 


selective assembly, (c) Testing threading tools, equip- 
ment, and machine set-up, (d) Quality control by statis- 


Johnson Gage Company 


Phone, HTFD., 7-1678 








30 


General Planning 

All General and Executive Chair- 
men of American Society General 
Committees are urged to be in 
touch prompt'y with the appropri- 
ate Convention Committee Chair- 
men listed abeve, to coordinate 
their several activities and to make 
sure that the American Society 
General Committees lend every as- 
sistance to the Convention Commit- 
tee in assuring the success of the 
Convention. 

It is assumed that Regional and 
Section Chairmen will dovetail the 
Convention into their programs in 
such a way as to avoid conflicting 
dates, etc. 

Announcement of further plans 
and details in connection with the 
Convention will appear in the 
January issue of INDUSTRIAL 
QUALITY CONTROL. 





Executive Committee Meets 


The Executive Committee of the 
American Society for Quality Con 
trol held a nine-hour meeting at the 
University of Buffalo in Buffalo, 
N. Y., on 28 September, 1946 
Present were Messrs: George D 
Edwards, Chairman; Ralph E. Ware 
ham, Secretary; Martin A. Brum- 
baugh, Alfred L. Davis, Frederick 
J. Halton, Jr., Charles J. Hudson, 
Paul S. Olmstead, Wade R. Weaver 
and Alfred J. Winterhalter. 

The Executive Secretary reported 
that the membership had passed 
the one thousand mark, and the 
Treasurer reported a balance on 
hand in excess of $2,950. The 
Chairman of the Editorial Board 
gave a general statement cover- 
ing the operations of the Society’s 
magazine. All of these reports 
were accepted as presented. 


Incorporation 

The President reported that in- 
corporation of the Society under 
the laws of the State of New York 
had been completed and that its 
Corporate Charter had been re- 
ceived. 
Committee on Constitution and By- 
Laws 

As its Chairman, Mr. Halton re- 
ported that the Committee had 
worked out plans for a complete 
revision of the Constitution and By- 
Laws, and that a suitable division 
of the work among the several 
Committee members had been 
made. 


(Continued in the January I 
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SIMPLY 
FEED PARTS 
IN HERE 


OVERSIZE 


ACCEPTABLE mL 


Twice as fast as human hands, this tireless 
robot—the DoALL inspection machine—inspects, sorts 


LIMIT TRO N \ — PARTS 7 and counts small parts on production lines. It makes no 


mistakes, tells you if parts are “over” “under” or “within 


NS _ a limits,’ and what's more, puts the parts in the right pan 
with amazing speed of 3,000 to 7,000 per hour. Slashes inspection costs 


model inspection station or one half. Versatile in infinite combinations. Set-up changes for size 
asa smaller bench-top model 


Available ns a complete toble 


made in a few minutes. Tolerances adjustable from .0OOl" to 030" 


DoALL Products Include 


Contour Saws, Sow Bands, Band and Jig Filers, Files, 
Surface Grinders ond equipment, Radius Slotting 
ond Milling Machines, Lothes, Profilers, Automatic 
mepectien Machines, Gogo Glechs and nepoction DeAll STORES 4 SMALL TOOL BIVIsION 
instruments, Voariabi. ; 
a a a oa oo IN PRINCIPAL CITIES DES PLAINES, ILLINOIS 
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How to SQUEEZE COSTS | 
below | EP Oe 
the Price Tag 


a 





PRODUCE PARTS RIGHT THE FIRST TIME... RIGHT AT THE MACHINE 
..- REDUCE SCRAP AND WASTED MAN AND MACHINE HOURS 


Although this is a perfectly obvious statement, it is not applied anywhere near as often as it can be. You can’t 
inspect passable dimensions into finished work. You have to machine it into it while it is in production. Inspection after 
the work is finished keeps unsatisfactory parts from getting into your product, but it doesn’t keep man and machine 


hours and material from being wasted. 


lt seems rather foolish to wait until you have finished hundreds of parts before you determine how many are 
suitable and how many must be scrapped. The only, and very definite, solution is to furnish the machine operator 
with suitable gages which will tell him just how he is doing before he does it wrong. Go and no-go gages are not 
sufficient. They do not warn the operator before he, the tool or the machine produces wrong parts. 


Indicating Gages, because they show how much the work dimension varies, show the frend of the work. They 
enable the workman to see how he is doing, to know when it is time to shut down his machine, sharpen the tool, adjust 
the machine or investigate any one of many conditions which may be causing the work to be machined unsatisfactorily. 


Less Scrap, More Production, Better Quality 
from Using this Gage on the Machine... 


This grinding operation formerly produced 2.875 parts per hour. 
By substituting Federal-Arnold Grinding Gages for micrometers the job 
now produces 6.190 parts per hour—a bonus of 116% for every machine 
and man hour. Moreover, overgrinding is practically eliminated—scrap 
is almost nil. The result: More production of better quality. That gives 
you an idea of the profits to be found in gaging at the machine. 


Other keys to better quality and higher production per manhour 
are found in the Federal Dimensional Quality Control Primer. Write in 
for your copy of the Primer, or more information on Gages for control- 
ling dimensional quality at the machine, to — 


FEDERAL PRODUCTS CORPORATION 
1144 Eddy Street Providence 1, Rhode Island 


EDERA MECHANICAL AIR and ELECTRONIC GAGES 
O N 


ae ee MEAS U RIN G i oe ee ee ee 





